f
0
2
©
-
<
a
™
D
O
O
-
<
)
=
0
D

GIS by ESRI”

Bob Booth



Copyright © 2000 Environmental Systems Research Institute, Inc.
All rights reserved.
Printed in the United States of America.

The information contained in this document is the exclusive property of Environmental Systems Research Institute, Inc. This work is protected under United
States copyright law and other international copyright treaties and conventions. No part of this work may be reproduced or transmitted in any form or by any
means, electronic or mechanical, including photocopying and recording, or by any information storage or retrieval system, except as expressly permitted in
writing by Environmental Systems Research Institute, Inc. All requests should be sent to Attention: Contracts Manager, Environmental Systems Research
Institute, Inc., 380 New York Street, Redlands, CA 92373-8100, USA.

The information contained in this document is subject to change without notice.

DATA CREDITS
Exercise 1: Death Valley image data courtesy of NASA/JPL/Caltech.
Exercise 2: San Gabriel Basin data courtesy of the San Gabriel Basin Water Quality Authority.

”

Exercise 3: Belarus CS137 soil contamination and thyroid cancer data courtesy of the International Sakharov Environmental University.

Exercise 4: Hidden River Cave data courtesy of the American Cave Conservation Association.

U.S. GOVERNMENT RESTRICTED/LIMITED RIGHTS
Any software, documentation, and/or data delivered hereunder is subject to the terms of the License Agreement. In no event shall the U.S. Government acquire
greater than RESTRICTED/LIMITED RIGHTS. At a minimum, use, duplication, or disclosure by the U.S. Government is subject to restrictions as set forth in
FAR §52.227-14 Alternates I, II, and IIT (JUN 1987); FAR §52.227-19 (JUN 1987) and/or FAR §12.211/12.212 (Commercial Technical Data/Computer
Software); and DFARS §252.227-7015 (NOV 1995) (Technical Data) and/or DFARS §227.7202 (Computer Software), as applicable. Contractor/Manufacturer
is Environmental Systems Research Institute, Inc., 380 New York Street, Redlands, CA 92373-8100, USA.

ESRI and the ESRI globe logo are trademarks of Environmental Systems Research Institute, Inc., registered in the United States and certain other countries;
registration is pending in the European Community. 3D Analyst, ArcInfo, ArcCatalog, ArcMap, ArcScene, ArcGIS, ArcEditor, the ESRI Press logo, and GIS by
ESRI are trademarks and www.esri.com and www.arconline.esri.com are service marks of Environmental Systems Research Institute, Inc.

Other companies and products mentioned herein are trademarks or registered trademarks of their respective trademark owners.



Contents

1 Introducing 3D Analyst 1

What can you do with 3D Analyst? 2
Tips on learning 3D Analyst 5

2 Quick-start tutorial 7

Copy the tutorial data 8

Exercise 1: Draping an image over a terrain surface 10

Exercise 2: Visualizing contamination in an aquifer 19

Exercise 3: Visualizing soil contamination and thyroid cancer rates
Exercise 4: Building a TIN to represent terrain 34

3 Creating surface models 47

What are surfaces and surface models? 48
Creating raster surfaces from points 50
Interpolating a raster surface 59

Kriging interpolation 63

Saving all rasters in a specified location 66
Setting an analysis mask 67

Setting the coordinate system for your analysis results 68
Setting the output extent 69

Setting the output cell size 70

Creating TIN surfaces from vector data 71
Buildinga TIN 73

Creating a TIN from araster 75

Creating a raster froma TIN 76

4 Managing 3D data 77

ArcCatalog basics 78

Previewing 3D data 81

Displaying 2D datain 3D 86

Starting ArcScene from ArcCatalog 90
Creating a new 3D feature class 91

24



5 Displaying surfaces 93
Displaying raster surfaces in 3D 94
Displaying raster surfaces 95
Symbolizing areas with unknown values
Displaying TIN surfaces 103
Making a layer transparent 113
Shading a layer 114

6 Analyzing surfaces 115

Querying surface values 116
Understanding the shape of a surface
Calculating slope 120

102

118

Deriving slope from a raster surface 121

Calculating aspect 122
Deriving aspect from a raster surface 1
Mapping contours 124

23

Deriving contour lines from a surface 126

Analyzing visibility 128

Creating a line of sight 130
Deriving aviewshed 131
Computing hillshade 132

Deriving a hillshade of a surface 133
Shading 3D surfaces in a scene 135
Determining height along a profile 136
Finding the steepest path 137
Calculating arca and volume 138
Reclassifying data 139
Reclassifying your data 140

Converting rasters and TINs to vector data 144

Converting surface to vector data 145
Creating 3D features 147

UsinGg 3D ANALYST



7 3D visualization 151

Creating a new scene 152

Adding 3D graphicsto a scene 154
Feature dataand 3D 155

Defining the z-values for alayer 156
Raster dataand 3D 163

Defining the 3D properties of a raster layer 164
Converting z-units to X,y units 166
Offsetting the heights in a layer 167
Controlling when a layer is rendered 168
Viewing a scene from different angles 170
Managing scene viewers 171

Changing the viewer settings 173

Setting the propertics of a scene 176
Changing the vertical exaggeration 177
Using animated rotation 178

Changing the background color 180
Changing the scene illumination 182
Changing the scene extent 185

Changing the scene coordinate system 187
Selecting features in a scene 189
Exporting ascene 193

Printing ascene 195

Glossary 197

Index 203

CONTENTS






Introducing 3D Analyst

IN THIS CHAPTER

* What can you do with 3D Analyst?

* Tips on learning 3D Analyst

Welcome to ESRI® 3D Analyst™, the three-dimensional (3D) visualization
and analysis extension to ArcGIS™. 3D Analyst adds a specialized 3D
viewing application, ArcScene™, to your desktop and adds new capabilities
to ArcCatalog™ and ArcMap™.

ArcScene lets you make perspective view scenes in which you can navigate
and interact with your geographic information system (GIS) data. You can
drape raster and vector data over surfaces and extrude features from vector
data sources to create lines, walls, and solids. You can also use 3D Analyst
tools in ArcScene to create and analyze surfaces.

ArcCatalog is extended by 3D Analyst so you can manage 3D data and
create layers with 3D viewing properties. You can preview scenes and data
in 3D in ArcCatalog using the same 3D navigation tools you use in
ArcScene.

ArcMap is extended by 3D Analyst so you can create new surfaces from
your GIS data as well as analyze surfaces, query attribute values at a
location on a surface, and analyze the visibility of parts of a surface from
different locations. You can also determine the surface area and the volume
above or below a surface and create profiles along a 3D line on a surface.

3D Analyst also lets you create 3D features from existing 2D GIS data—or
you can digitize new 3D vector features and graphics in ArcMap using a
surface to provide the z-values.



What can you do with 3D Analyst?

3D Analyst provides you a set of tools in ArcScene for analysis &2 Untitled - ArcScene =] ES
and visualization of 3D data. It also extends ArcCatalog and | File Edt Yiew Selestion Tocls Window Help

ArcMap so you can more effectively manage your 3D GIS data I A - YOI |

and do 3D analysis and 3D feature editing in ArcMap. [taoceaanum@Ekon |

Scene layers
= roads

= A

Walue
. High : 2537

Lowa : 1060

Dizplay

Viewing a scene from another perspective with another viewer

You can change the properties of 3D layers to use shading or
transparency, and you can change the properties of a 3D scene to

3D view of raster and vector data

What can you do with ArcScene?

The core of the 3D Analyst extension is the ArcScene
application. ArcScene provides the interface for viewing multiple
layers of 3D data for visualizing data, creating surfaces, and
analyzing surfaces.

Visualizing data

3D Analyst lets you drape images or vector data over surfaces
and extrude vector features from a surface. You can view a scene
from multiple viewpoints using different viewers.

3D view of utility poles and power lines
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Exaggerating the vertical dimension of a scene

set the vertical exaggeration of terrain, the coordinate system and
extent for the scene, and the illumination of the scene.

Creating surfaces

The 3D Analyst tools that are available in both ArcScene and
ArcMap allow you to create surface models from your GIS data.
You can interpolate raster surfaces and create or add features to
triangulated irregular network (TIN) surfaces.

TIN and raster surfaces

Analyzing surfaces

3D Analyst lets you interactively query the values in a raster
surface and the elevation, slope, and aspect of TINs.

INTRODUCING 3D ANALYST

Slope and aspect rendering of surfaces

You can derive new rasters of slope and aspect from surface
models, create contours, and find the steepest paths on a surface.

Contours and steepest paths

You can also analyze the visibility between different locations on
a surface; create rasters that show the level of illumination of a
surface (given a sun altitude and direction); and reclassify raster
data for display, analysis, or feature extraction purposes.

What can you do with ArcMap?

Installing 3D Analyst lets you add the 3D Analyst toolbar to
ArcMap, so you can do all of the surface creation and analysis
tasks in ArcMap that you can do in ArcScene. It also adds several
tools that only operate in ArcMap: a tool that lets you find lines
of sight on a surface, three tools for digitizing 3D features and



Line of sight created on a TIN in ArcMap, displayed in ArcScene

graphics using z-values from a surface, and a tool that lets you
create graphs of the profile (change in elevation over distance)
along a 3D line.

Proposed trail 8-c
2500
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1000
0 500 1000 1500 2000

Trail length

3D line graphic created on a raster in ArcMap, profile graph of line

What can you do with ArcCatalog?

ArcCatalog is the ArcGIS application for managing your GIS
data. 3D Analyst lets you preview and navigate around your 3D
data. You can create GIS data layers and define their 3D viewing
properties.

=l Cortents Preview | Metadata

[ Catalog

- T

(i D

- Fh

E@ F:profilegr

- =l holbrook-e

@ F:hzpatialef

% Databaze Connections
Geocoding Services

A Coordinate Systems

of |nternet Servers

a Search Results

Fresig: |3D Wiew j

ArcCatalog lets you browse your data, create and preview layers in 3D

You can also preview the scenes you've created in ArcScene. You
can create metadata for your 3D GIS data including 3D

Contents Preview I Metadata |

Property Walue
Shetch value 142
Pixel value 18238340

Previev: I a0 Wiew x

Navigate the 3D preview; identify features, raster cells, and TIN triangles

thumbnails of scenes and data. You can create empty 3D feature
classes or shapefiles in ArcCatalog that can then be populated by
digitizing 3D features in ArcMap.
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Tips on learning 3D Analyst

If you're new to GIS, take some time to familiarize yourself with
ArcMap and ArcCatalog. The books Using ArcMap and Using
ArcCatalog contain tutorials to show you how to make maps and
manage GIS data.

Begin learning to use the 3D Analyst extension in Chapter 2,
‘Quick-start tutorial’, in this book. In Chapter 2 you’ll learn how
to open a 3D scene, add and query data in a 3D scene, create
surfaces, and use ArcScene with ArcCatalog and ArcMap. The
3D Analyst extension comes with the data used in this tutorial, so
you can follow along step by step at your computer. You can also
read the tutorial without using your computer.

Finding answers to questions

Like most people, your goal is to complete your task while
investing a minimum amount of time and effort in learning how
to use the software. You want intuitive, casy-to-use software that
gives you immediate results without having to read pages and
pages of documentation. However, when you do have a question,
you want the answer quickly so that you can complete your task.
That’s what this book is all about—getting you the answers you
need, when you need them.

This book describes how to display your data in three
dimensions, to create new surfaces from existing data, and to
analyze three-dimensional surfaces. Although you can read this
book from start to finish, you’ll likely use it more as a reference.
When you want to know how to do a particular task, such as
adding shading to a surface, just look it up in the table of contents
or the index. You’ll find a concise, step-by-step description of
how to complete the task. Some chapters also include detailed
information that you can read if you want to learn more about the
concepts behind the tasks. You can also refer to the glossary in
this book if you come across any unfamiliar terms.

INTRODUCING 3D ANALYST

Getting help on your computer

In addition to this book, use the ArcGIS online Help system to
learn how to use the 3D Analyst. To learn how to use Help, sce
the Using ArcMap book.

Contacting ESRI

If you need to contact ESRI for technical support, see the product
registration and support card you received with 3D Analyst or
refer to “Getting technical support’ in the Help system’s “Getting
more help’ section. You can also visit ESRI on the Web at
www.esri.com and arconline.esri.com for more information about
the 3D Analyst extension.

ESRI education solutions

ESRI provides educational opportunities related to geographic
information science, GIS applications, and technology. You can
choose among instructor-led courses, Web-based courses, and
self-study workbooks to find educational solutions that fit your
learning style and pocketbook. For more information go to
www.esri.com/education.






Quick-start tutorial

IN THIS CHAPTER The best way to learn 3D Analyst is to use it. In the exercises in this tutorial,
you will:
» Exercise 1: Draping an image over

AR R e Use ArcCatalog to find and preview 3D data.

g { R 1 * Add data to ArcScene.
» Exercise 2: Visualizing contamina- ) . e
tion in an aquifer » Set 3D properties for viewing data.

: N aF . e Create new 3D feature data from 2D features and surfaces.
» Exercise 3: Visualizing soil con-

tamination and thyroid cancer » Create new raster surface data from point data.
S e Build a TIN surface from existing feature data.

e Exercise 4: Building a TIN to In order to use this tutorial, you need to have the 3D Analyst extension and
represent terrain ArcGIS installed and have the tutorial data installed on a local or shared

network drive on your system. Ask your system administrator for the correct
path to the tutorial data if you do not find it at the default installation path
specified in the tutorial.



Copy the tutorial data

First you will copy the tutorial data to a local drive. You
will use ArcCatalog to browse to and copy the data.

1. Click Start, point to Programs, point to ArcGIS, and
click ArcCatalog.

.
(8 Archnfo workstation

c @ Documents 3
= Microsaft Office Toals a Arctap
al @} Seltings )
5 (8, Micrasoft Visual SouceSafe [ Arcibiects Developer Help
S @ Find v (3, Netseape Communicator &Y ArcScens
E @ Help Microsoft PowerPoint @ AucTaalbor
= £ Mictosoft Rescler L] EES:'DF:dImmt'amr
Bun Microsoft word [58' Deskiop Help
d N B Wisio Enterprise
Shut D |

ArcCatalog lets you find and manage your data. The left

side of the ArcCatalog window is called the Catalog
tree. The right side of the Catalog window shows the
contents of the selected branch of the Catalog tree.

2. Click in the Location combo box and type the path to

the \arcgis\ArcTutor folder on the drive where the
tutorial data is installed. Press Enter.

IE:'\arcgisk&rcTutm —e

J Location:

The ArcTutor folder is now the selected branch of the
Catalog tree. You can see its contents in the Contents

tab.

3. Right-click the 3DAnalyst folder and click Copy.

Cantents |F‘|eview| Meladatal

I ame | Type

[

1 3Ddnalyst
@ Buildingals m'l

©

[ Catalog ® Baster [l

EHEdr % Defete
[ Gencoding N

@ Genstats o

[ Getting 5t Befresh
i Hew ¥
@ Spatiasl ————————————

[ Toolbox 9\ Seaich..
ﬂ_ Properties...

4. Right-click the local drive where you want to place the
tutorial data and click Paste.

x|

f Catalog

=-{g C

= @ DN

@ Fy, Capy [+
% Dal@ Faste

SE{'@ Digconnect Folder

hite Refrezsh

Mew

Properties...

A Search...

The folder is copied to your local drive. Now you will
make a folder connection to the 3DAnalyst folder in the

Catalog tree.
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5. Click the 3DAnalyst folder on your local drive and drag
it onto the top-level, Catalog, node of the Catalog tree.

Catalog

=

There is now a folder connection in the Catalog for your
local copy of the tutorial data.

In the graphics illustrating this tutorial, the ArcCatalog
option to ‘use a special folder icon for folders containing
GIS data’ is turned on. That is why the folder GISdata, in
the graphic above, looks different from the other folders.
You can turn this option on in ArcCatalog, in the Options
dialog box, on the General tab. ArcCatalog works faster
when this option is turned off, so it is off by default.

QUICK-START TUTORIAL




Exercise 1: Draping an image over a terrain surface

Viewing a remotely sensed image draped over a terrain
surface can often lead to greater understanding of the
patterns in the image and how they relate to the shape of
the earth’s surface.

Imagine that you’re a geologist studying Death Valley,
California. You have collected a TIN that shows the terrain
and a satellite radar image that shows the roughness of the
land surface. The image is highly informative, but you can
add a dimension to your understanding by draping the
image over the terrain surface. Death Valley image data
courtesy of NASA/JPL/Caltech.

Preview 3D data in ArcCatalog

Before you drape the image, you will browse to the terrain
data and preview it in ArcCatalog.

1. Navigate to the 3DAnalyst folder connection in the
Catalog tree.

2. Double-click 3DAnalyst.

3. Double-click Exercisel.

(2]

el

I 1

f Catalog
- Ch
- D
=-{@ D:\3DAnalyst
SR CNE cercice|

g Death Valley Terrain =
. ﬁ Enercige?
{:l Enerciged
F-_] Exencised
- B\ i
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You see a folder called Data and a TIN layer called
Death Valley Terrain.

A layer is a shortcut to geographic data. It also stores
information about how the geographic data should be
drawn on a map or in a 3D scene.

4. Click Death Valley Terrain.

o

x
E Catalog ]
- T
- D
- DIDAnalyst
=& Exercise]

Data
Death Valley Tenain

+ Exercize?
- Exercized
-0 Exercized
- E
- P
H-{19 Database Connections
]- Geocoding Services Iz
£ . Intemet Servers =|| Preview

Corterts  Preview | Meladatal

e P

I Geography -

5. Click the Preview tab. You can preview your GIS data in
ArcCatalog. With 3D Analyst installed, you can also
preview some data in three dimensions.

6. Click the Preview dropdown arrow and click 3D View.

Preview:

IGenglaph_l,l

30 Yie
T able
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7. Right-click above the preview window and click 3D
View Tools.

E T

F I it meru
Contents Preview | Metad [ Srandard
’7 Geography

’7 Location
’7 etadata

Customize...

Wi Source

Preview: I 2D View I e

The preview becomes a 3D preview, and a new set of
tools appears on the 3D View Tools toolbar.

Navigate

J%@%f&%@@:: 0@ 0s|@)
i |

Zoom In/Out Pan

The Navigate tool is active when you first preview data
in 3D. You can see the names of tools by hovering the
pointer over the tool.

The Navigate tool allows you to rotate 3D data and
change the apparent viewer height by clicking and
dragging left and right and up and down, respectively, in
the 3D preview.

QUICK-START TUTORIAL

8. Click on the 3D preview and drag to the right.

Cortents  Preview |Metadata|

Freview: ISD i j

The data rotates around its center. The Navigate tool
also allows you to zoom in and out, and pan across the
data, depending on the mouse button that you click
while dragging in the 3D preview.

9. Right-click on the 3D preview and drag down.

Contents  Preview |Metadata

Freview: ISD i j

The pointer changes to the Zoom In/Out pointer, and the
view zooms in to the data.

11



10.Click the middle button (or both the right and left
buttons if you have a two-button mouse) and drag to the
right.

Contents  Preview | Metadata I

Fresview: |3D i j

The pointer changes to the Pan pointer, and the view
pans across the data.

11. Click the Identify button and click on the TIN.

jloaoasaaxznd o al
I

Identify

The Identify Results window shows you the elevation,
slope, and aspect of the surface at the point you clicked.

12. Close the Identify Results window.

Property Walue

Elesvation 1910973
Slope 20235
Azpect 142862

Face Tag'alue 0O
Mode Tagalue 0

12

13. Click the Full Extent button.

|e@oaaaaq:nrz @Zums.a@\

The view returns to the full extent of the data.

Cortenty  Preview | Metadata I

Presiew: |3D Wigw j

Now you’ve examined the surface data and begun to learn
how to navigate in 3D. The next step is to start ArcScene
and add your radar image to a new scene.

Start ArcScene and add data

ArcScene is the 3D viewer for 3D Analyst. Although you
can preview 3D data in ArcCatalog, ArcScene allows you
to build up complex scenes with multiple sources of data.

1. Click the ArcScene button on the 3D View Tools
toolbar.

= ”F| 28 ‘ @-\— ArcScene
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ArcScene starts. Note that many of the tools on the
ArcScene Standard toolbar are the same as the 3D
navigation tools that you see in ArcCatalog.

é}'_hlcﬁ cene M=l &3
J File Edit “iew Selection Tool: Window Help |

R
[¢asaeanuz0@  non

= Scene layers

Dizplay

T

2. Click the Death Valley Terrain layer in the Catalog tree
and drag it onto the right-hand side of the ArcScene
window, then release the mouse button.

| ™

@ Catalog

@ CA
@

= D3DAnalyst
EI@ Ewercizel

Data
Death ¥alley Temarr e

: @ Erercized

The TIN is drawn in the new scene.
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J File Edit “iew Selection Tools Window Help
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|DEE:PEX ¢ EQss |
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=F Scene layers

Death Valley Terrain

Edge type

Soft Edge

Hard Edage

Elevation
[]-82.000000 - 152777778
[]152.777778 - 307 555556
[ 357 555556 - 622333333
[ 622333333 - 85711111
[ 557111111 - 10971.688689
[ 1097.808089 - 1326666567
[ 1326.6EE6E7 - 1561.444444
[] 1567.444444 - 1796, 222222
[]1796.222222 - 2031000000

Digplay

[ 2

3. Click Add Data on the ArcScene Standard toolbar.

|owals we x| sElass)l

4. Navigate to the Data folder for Exercisel.

ArcScene

Lok ir

worksp.

@ Data

[l Catslog

dvima 1 08 C

Mame:

(@@ D
(@ D:\3DAnalyst

@ Exercise]

[N

B ENEE

S EE
=3

@ F
Cg Database Connections

Shaw aof type: IDatasets and Layers [*.lpr]

=l

Add

Canel |
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5.
6.

14

Click dvim3.TIF.
Click Add.
Lock ire I@ Data j EI =) ﬁl@i :

workzpace]

Name: [dvima TIF idd —0
Show of type: IDatasets and Layers [y j Cancel

The image is added to the scene.

|%

=F Scene lapers -~
= dvim3.TIF
RGE Camposite
W Red Band_1
. Green: Band_2
M Eus Band 3
= Death Valley Terrain
Edge type
Soft Edge
Hard Edae

Elevation v
4 »

Display I Source

The image is drawn on a plane, with a base elevation
value of zero. You can see it above the Death Valley
terrain surface where the terrain is below 0 meters
elevation (sea level); it is hidden by the terrain surface
everywhere else.

7. Uncheck the Death Valley Terrain layer.

= Scene layers

= dvim3.TIF

RGE Composite
W Fed Band 1
. Green: Band_2
W Ele Band 3
= [ Deathalley Terain
Edge type
Soft Edge
Hard Edae

Elevation E
| | >

Display -

Now you can see the whole image. The black areas are
parts of the image that contain no data and are a result
of previous processing to fit the image to the terrain.

You have added the image to the scene. Now you will
change the properties of the image layer so that the image
will be draped over the terrain surface.

Drape the image

While the surface texture information shown in the image
is a great source of information about the terrain, some
relationships between the surface texture and the shape of
the terrain will be apparent when you drape the image over
the terrain surface. In ArcScene, you can drape a layer—
containing a grid, image, or 2D features—over a surface (a
grid or TIN) by assigning the base heights of the layer from
the surface.

Using 3D ANALYST



1. Right-click dvim3.TIF in the ArcScene table of contents
and click Properties.

=% Scene

layers

.Fled: # Remove
[ Green & Refresh

|

= [0 Deathiall W pemAtituteTiatle

Edget
 SaitEe @ Zoom To Laper
— HardE Set Data Source. .
Elzati
1] | Save Az Layer File...

Display

O

The layer Properties dialog appears. You can change
how a layer is drawn on a map or in a scene by setting
its properties.

2. Click the Base Heights tab.

Propeities

General | Sourcs | Extent| Display | Symbology | Joins & Relates  Base Heights | Rendering

Heigh

" Use a constant value or sxpression to set heights for layer
j E| IEl

{5 Dblain heights for layer from surface: e

Fiaster Resclution

€ Leyerfestures aye 2 wallies; Wse them for bielatts

Z Unit Ci
’VApp\y conversion factar to place heights in same units as scene: [ostom - 1.0000 ‘

~ Offset

Add an offsel using & constant o expression:

P = [

[T ] cencal Aoy |

‘ ©

QUICK-START TUTORIAL

3. Click the option to Obtain heights for layer from

surface.

Because the TIN is the only surface model in the scene,
it appears in the surface dropdown list.

4. Click OK.

The image is draped over the terrain surface.

Now you will be able to navigate around the image and see
the relationship between surface texture, as shown by the
image colors, and the shape of the terrain.

Explore the image

You will use the navigation tools on the ArcScene Tools
toolbar to explore the draped image.

1. Click the Zoom in button.

[oa¢ae@aro@ihon
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2. Click and drag a rectangle around the middle of the
image.

3. Click the Navigate button.

[dasasaanzO@ 5k 0on
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4. Click on the scene and slowly drag up and to the left.

The scene rotates and the view angle lowers, so it looks
as though you are looking down the valley, past the
higher land on the left side of the scene.

Elevated, rocky area

Alluvial fan Floodplain

Using 3D ANALYST



The elevated land is visibly rougher terrain than the flat
valley bottom. The surface texture (and therefore the
color, in the radar image) of this rocky area is different
than the fine sediment of the floodplain—the yellow and
black region in the valley bottom. The rocky area is also
a different texture from the gently sloping alluvial fan
that runs past it, down onto the valley floor.

Draping the radar image over the terrain surface allows you
to see the relationship between the general shape of the
land surface and the texture of the rocks and sediment that
make up the surface.

Exaggerate the terrain

The valley is a broad area, relative to the height of the
terrain, even though the mountains at the edge of the scene
are more than 2,000 meters above the valley floor. In order
to enhance the sense of depth in the scene, and to bring out
subtle features in the terrain, you will exaggerate the height
of the terrain.

1. Right-click Scene layers in the table of contents and
click Scene Properties.

x|
Ry —
5@ dvimdTIF P AddData..

. F?eﬁj E;':: 2 Easte [avers)

EUSCOEETI ™ S cene Properties. .

9 Blue: Banr i

= O Deathaley Terain
Edge type
Saft Edge
Hard Edge

Elervation -
1 | »

Display I Source I

QUICK-START TUTORIAL

The Scene Properties dialog box lets you set properties
that are shared by all of the layers in the scene. These
include the vertical exaggeration, the background (sky)
color, the coordinate system and extent of the data, and
the way that the scene is illuminated (the position of the
light source relative to the surface).

2. Click the General tab.

Scene Properties

General I Coordinate System | Htantl Il\um\nationl

Description;

Wertical Exaggeration: |2 'I Calculate From Extent |
[I—

[ Use as default in all new scenes

EBackground color: Show Current Default |

™ Enable Animated Fotation

“wihen you uge the Mavigation tool ko ratate the scene, hold
down the left mouse button, drag in the direction you want the
scene to robate, and release the mouss button whils the scene
iz moving.

Ok I Cancel Lpply

o

3. Type “2” in the Vertical Exaggeration combo box.
4. Click OK.
The apparent height of the terrain is now doubled.
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You can now clearly see how the alluvial fan spreads
out onto the valley floor, between the larger rocky area
at the center of the scene and the smaller rocky area in
the foreground at the left side of the scene.

You have added depth to the radar image, explored the
general relationship between the data in the image and the
terrain data, and enhanced the scene so that you can
perceive more subtle variations in the terrain.

Now that you’ve built the scene, you will save it so that
you can explore it later if you choose.

Save the scene

Scenes, also called Scene Documents, are like maps. They
contain information about how the layers that are in the
scene should be rendered and where the data is located.

1. Click File and click Save As.

18

J File Edit “Wiew Selection Tool: Window Help

01 Mew... Chil+hd
= Open... Clrl+0
[ Save Chl+5
\'|; Add Data...
&) Prirt..
Dacument Properties...
Erport Scene »
Exit Alt+F4

2. Navigate to the Exercisel folder.

Save As HE
Save jn: IaExercise‘l ﬂ gl

Data

File name: IDeathvaIIey

Save :I——o
j Cancel |

Save az lwpe: IArcScene Documents [ zxd)

©

3. Type “Deathvalley”.
4. Click Save.

The scene will now be available for you to open later.
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Exercise 2: Visualizing contamination in an aquifer

Imagine that you work for a water district. The district is
aware of some areas where volatile organic compounds
(VOCs) have leaked over the years. Scientists from your
department have mapped some plumes of VOCs in the
aquifer, and you want to create a 3D scene to help officials
and the public visualize the extent of the problem.

Some of the data for the scene has already been assembled
in the Groundwater scene. You will modify the scene to
better communicate the problem.

VOC data courtesy of the San Gabriel Basin Water Quality
Authority.

Open the Groundwater scene document

This scene document contains a TIN that shows the shape
of the contaminant plume, a raster that shows the
concentration of the contaminant, and two shapefiles that
show the locations of parcels and wells. You will drape the
concentration raster over the plume TIN, extrude the
building features and change their color, and extrude the
well features so that the wells that are most endangered by
the contamination may be more easily recognized.

1. In ArcScene, click File, then click Open.

J File Edit Wiew Selection Tools Window Help
01 Mew.. Ctil+N

& Save Chrl+5

Sawve fg..

2. Navigate to the Exercise2 folder.

QUICK-START TUTORIAL

3. Click Groundwater.sxd.

Look jr: IaEKE[CiSEZ j gl

1 workspaceZ
Groundwater. srd e

=10
j Cancel |

File hame: IGroundwater.sxd

Files of lype: IA[cScanE Documents [*.gxd]

I Dpen as read-only

4. Click Open.
The Groundwater scene opens. You can see the four
layers in the table of contents.

Show the volume and intensity of contamination

You’ll drape the raster of VOC concentration over the TIN
of the contaminant plume surface to show the volume and
intensity of contamination in the aquifer.

1. Right-click congrd and click Properties.

B02:
A Properties. ..
congrd

Walue
High : 5.000000

I Low : 1.000000

=
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2. Click the Base Heights tab. 4

2 Properties
Gereral | Sourcs | Estent | Display  Svmbolony | Fields | Joins & Pelates | Base Heihts | Rendering |
Show
T T " | Draw raster stietching values along a color ramp
[lassifisd
Genelall Sourcel Ektenll Dlsp\ayl Symbo\ogyl Fields | Jains & Relates  Base Heights | Hendemgl
i~ Height Color Walue Label
£ Lse a constant walue or expression b set heights for layer. 5.000000 Ingh 5.000000
i 3 |
= 1.000000 i o, 1.000000

Stietch
Tupe: IStandald Deviatiars j Histogram...
| n l—Z ™ Irwert

I Display Backgriound Value: | 0 a2 -
Display NoData as B

= Obtain heights for layer from surface:

Faster Resolution,.

2 Laver featies Haye Zvaluss, Wse ther for beights,

Apply conversion Factor to place heights in same units a5 scene: [ custom - 1.0000

- Offset
Add an offset using a constant or expression

P = |l
’TI Cancel | £plY |
T

"Z Urit Conversion

oK I Cancel | Apply | é

5. Click the Color Ramp dropdown arrow and click a red
color ramp for the raster.

6. Click OK.

7. In the table of contents, uncheck plume.

3. Click the dropdown arrow and click plume to get the
heights from the plume TIN.

Now you will change the symbology of the raster to
show the intensity of the contamination.

4. Click the Symbology tab. =

Scene layers
O plume 0
Edge type

— Soft Edge
— Hard Edge

Now it is possible to see the shape of the plume and its
intensity in 3D.
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Show the relationship of the plume to wells

You can see that some of the wells are within the area of
the plume. However, it is difficult to see which wells are
most seriously affected because the contamination is more
widespread but less concentrated at greater depths.

You will extrude the well features based on their depth
attribute in order to see which wells intersect the plume.

1. Right-click wells and click Properties.

Low -
. facilty Save Az Layer File...
|:| Properties.
B wells

2. Click the Extrusion tab.

Gereral | Sowee | Selestion

Display | Symboloy | | Fields | Definition Query |

Joins & Fielates | Base Heights S Rendeing

r Extrude features in laper. Extusion tums points into vertical lines, ines into
walls, and polgons into blocks

Extrusion value or expression

0 = = 0

Apply extiusion by

[ adding it to each feature’s minimum height =]

0K I Cancel Ly

3. Click the Calculate Extrusion Expression button.

QUICK-START TUTORIAL

You will display the well points as vertical lines equal to
the depth of the well. This information is stored in the
WELL DPTH field.

4. Click WELL _DPTH.

Expression Builder HE

Fields Functions

O —er—

[WELL_DPTH] Aﬂ_ﬁl_f'
JIN O U
JRIN O SR
ol e | -]

Save Load | ok | concal |
| I

)

5. Click OK.

6. Click the dropdown arrow to apply the extrusion
expression by adding it to each feature’s base height.
The well depths are expressed as negative values, so
they’ll be extruded downward.

Apply extrusion by:

0K | Cancel ey |

7. Click OK.
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You can see the places where the wells intersect, or are
close to, the plume. Now you will modify the scene to
show the priority of various facilities that have been
targeted for cleanup.

Show the facilities with a high cleanup priority

Analysts in your department have ranked the facilities
according to the urgency of a cleanup at each location.
You’ll extrude the facilities into 3D columns and color
code them to emphasize those with a higher priority for
cleanup.

1. Right-click facility and click Properties.

v

l Higl Sawve Az Layer File. .

2. Click the Extrusion tab.

Properties
General | Source | Selsction I Display Symbalogy I Fields | Dfinition Qusrny |
Joins & Relates Base Heights Extrusian 1 Rendeting
r Extrude features in layer. Extrusion tumns points into vertical lines. lines inta
walls, and polgons into blocks.
Extrusion value ar expression:
o El =

3. Click the Calculate Extrusion Expression button.

22

4. Click PRIORITY1.

Expression Builder HE
Fields Funeiorrs
b [ ) jl
inl )
Cos( ]
Eapl ]
Fix[ 1
ntf ]
st Jid|
Expression
[PRIDRITY1]> 100 rle ] s | 4]
| | |
| N | |
IR o |
Save Lioad I ok I Cancel |
1

5. Type * 100.
6. Click OK.

The expression you created appears in the Extrusion

value or expression box.

Propeities

Geneial | Souwce | Selecon | Display | Symbobay | Fields |

Joins & Relates Base Heights Extrusian

Extrude features in layer. Extrusion turms points into vertical lines, lines inta
Ird
wallz, and palgons into blocks.

Estrusion valus o supression:

[PRIORITY1] =100 =l

Apply extruzsion by:

adding it to each feature's minimum height |

Dfinition Guery |
Flendering

Using 3D ANALYST



7. Click the Symbology tab.

Joind & Relates | Baze Heights | Extrusion | Rendering

General Souce | Selestion Display Symbology | Fields | Defiition Query
Sihowe . -
Apr— [praw using color Lo show values. Innpat...
C ~ Field: i~ Classification
Quantities Walug: SRIOR Natural Breaks [Jenks|

- Graduated colors

- Gradusted symbols | Momaization: |<NONE> | | Gasses: [f =] _Classiy

- Proportional symbols

Dol ey CoerBen: [ |

Charts

Multiple Attrib Syrbal [ Aange [ Label
i
1
23
4
5

I Show class bresks using featurs valuss
oK | Cancel Apply

8. Click Quantities.

9. Click the Value dropdown list and click PRIORITY 1.
10. Click OK.

The facilities are now extruded in proportion to their
priority score. The scene now shows the shape and
intensity of the contamination, the wells in relationship
to the plume, and the facilities that need to be cleaned

®

up in order to prevent further pollution of the
groundwater.

QUICK-START TUTORIAL

Now you’ll save your changes to the scene.
11. Click the Save button.

|DEEHSE 2 EX & E Q&N
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Exercise 3: Visualizing soil contamination and thyroid cancer rates

In 1986, after the catastrophic accident at the Chernobyl
nuclear power plant in Ukraine, a large amount of
radioactive dust fell on Belarus. Since then, scientists have
studied the aftermath of the accident. One tool for
exploring the data is 3D visualization. In this exercise, you
will create two surfaces from point data collected in
Belarus. One set of points contains measurements of soil
CS137 concentrations. CS137 is one of several radioactive
isotopes released by the accident. The other set of points
shows the rates of thyroid cancer, aggregated by district,
with the sample point placed near the district centers.

The CS137 contamination and thyroid cancer data was
supplied courtesy of the International Sakharov
Environmental University.

View the point data

First you will open the Chernobyl scene and view the point
data.

1. Click File and click Open.

J File Edit Wiew Selection Tools Window Help
O Mew... Chil+M

&

2. Navigate to Exercise3 and click Chernobyl.
3. Click Open.

24

Lok in: Ia Exercized j gl

1 Data

i Chernobyl swd

IEhemobyI.sxd

=1
j Cancel |

File name:

Files of type: IArcScene Documents [ sxd]

™ Open as jead-only

The CS137 soil measurements are shown with small
point symbols, using a graduated color ramp to show the
intensity of the contamination. The districts” thyroid
cancer rates are shown with larger symbols, using a
different color ramp.

Create 3D point features

The soil CS137 samples are 2D points with some
attributes. One way to view 2D points in 3D is by setting
an extrusion expression, or a base height. You can also
incorporate a z-value into a feature’s geometry to allow it
to be directly viewed in 3D without the need to set a base
height from a surface or an attribute.

First, you’ll add the 3D Analyst toolbar to ArcScene.
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1. Click View, point to Toolbars, and click 3D Analyst.

J File Edit “iew | Selection Tools Wwindow Help

Wiew Settings. ..

Zoom Data »

4 |T Fain et
|T Standard
|7 Toolz

ErTa- O

Graphics

able OF Contents

tatuz Bar

I
I
5
5

(=L
%

cene Propertiss. ..

LCustomize. ..

Wiew Saurce

The 3D Analyst toolbar in ArcScene contains several 3D
analysis and data conversion tools. The ArcMap 3D
Analyst toolbar contains the same tools, plus several
additional tools that you can use in ArcMap.

Now you will create 3D point features from the soil
CS137 points.

2. Click 3D Analyst, point to Convert, and click Features
to 3D.

10 Analyst = | Laven | j JP; A
] | |

CreateMoadify TIM »
Interpalate to Raster B

Surface Analysis 3

Reclazzify..

Convert Features ta 30...
Optiotz... Raster to Features. .
Fasterta TIN...
TIM to R aster...

TIM to Features...

QUICK-START TUTORIAL

3. Click the Input Features dropdown list and click
Subsample 1994 CS137.

Convert Features To 3D HE
Input Features: [, hsample_1934_C5137 ;_I._E“‘l__e
Source OF Height:
= Fasteron TIH Suface I j EI

= Input Feature Attibute: ICS13?_CI_K vl

e

(>

= Mumeric Constant:

Output Features: 0430 AnalysthExercise3vDatabCs137_30 E e
k. I Cancel |

o

4. Click the Input Feature Attribute button, then click the
Input Feature Attribute dropdown list and click
CS137 CI K.

5. Change the output feature name to CS137 3D.

6. Click OK.

The features are converted to 3D point features. However,
they still seem to be resting on a flat plane because the
CS137 concentration values range from 0 to 208.68, which
is small relative to the horizontal extent of the data.
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Increase the vertical exaggeration

You will exaggerate the scene to show the new points with
their height embedded in the feature geometry.

1. Click View and click Scene Properties.

Wiew Selection Tool: Window

Wiew Settings...

Zoom Data »

Toolbars »
[E Table Of LContents

,7 Statuz Bar

Scene Properties. .

2. Click the General tab.

Scene Properties

Gieneral |Ennrd|nale Systeml Ektenll Hlumlnallnnl

Desoription

=
x| | Eon Exlent:'l e

"l Show Curent Default |

Vertical Exaggeratior: |3ET.344

Backagraund colar:

[~ Use as default in all new scenes

™ Enable Animated Fiotation

When you use the Mavigation taol ta rotate the scene, hald
down the left mouse button, drag in the direction you want the:
scene to iotate. and releass the mouse button while the scene
is moving.

Ok Cancel Lpply I
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Click Calculate From Extent.
Click OK.
Click the Full Extent button.

W = W

@ K

Now that you can see the new 3D points in the scene,
you can turn off the original CS137 sample point layer.

6. Uncheck the box in the table of contents beside
Subsample 1994 CS137 and click the minus sign
beside the box to hide the classification.

x|

= Scene layers
O Subsample_1994_CS137
= ThyroidCancerR ates
IMCIDT000
{3 0-0.0752
3 0.0759 -0.2053

Extrude columns

Viewing points in 3D space is one way to investigate data.
Another way is to extrude points into columns. You will
extrude the thyroid cancer points into columns to compare
them to the contamination data.

1. Right-click ThyroidCancerRates and click Properties.

Save bz Layer File...

Scene layers
[ Subsample_1% B
= ThyroidCancers
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2. Click the Extrusion tab.

Gereral | Souce | Selection Display
Joins & Relates | Base Heights Exlrusion | T |

Symbology| | Fields | Definition Quey |

r Extrude features inlayer. Extrusion tums points inta wertical lings, lines inta ;
walk, and poigens inta lacks :

Extrusion valug or expression

0 =0 —0

|

98]

. Click the Calculate Extrusion Expression button.

4. Click INCID1000 (the rate of cases per 1,000 persons).

Exprezzion Builder HE

Fieldz Functions

CASES abs [ ] =

POPULUSE At [ ] —

* Coz | ]
Exp( ]
Ei ) = o
Int[ ]
Loa[ ]
Sinl 1 [

Ex=pression

[IMCIDT000] <100 L oal al +1 e
I e
I
I o e

Save Load | oK | Cancel |

Because the z-values of the phenomena that you are
comparing have different ranges, you will multiply the
cancer rate by 100 to bring the values into a range
similar to that of the CS137 measurements.

QUICK-START TUTORIAL

5. Type * 100. Click OK.
6. Click OK on the Layer Properties dialog box.

Now the district centroid points are shown with columns
proportionate to the thyroid cancer rates. If you navigate
the scene you will see that the areas with the highest
contamination levels also tend to have high thyroid
cancer rates, although there are areas with lower CS137
contamination levels that also have high cancer rates.

Create a surface from point sample data

You know what the soil concentrations of CS137 are at the
sample point locations, but you do not know what they are
at the locations between sample points. One way to derive
the information for locations between sample points is to
interpolate a raster surface from the point data. There are
many ways to interpolate such surfaces, which result in
different models of varying accuracy. In this exercise you
will interpolate a surface from the samples using the
Inverse Distance Weighted (IDW) interpolation technique.
IDW interpolation calculates a value for each cell in the
output raster from the values of the data points, with closer
points given more influence and distant points less
influence.

1. Click 3D Analyst, point to Interpolate to Raster, and
click Inverse Distance Weighted.

J|3D fnalyst = | L | =

Create/Madiy TN p |

Surface dnalysiz 3 Splire. ..
Reclazzify Kriging
Correert » Matural Meighbors:

Optionz. . |
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2. Click the Input points dropdown list and click
Subsample 1994 CS137.

Inverze Distance Weighted K E
Iput paints: ISubsampIe_1 934 C5137 « El e
Z value field | A j.__e

Power: I 2

Search radius type: IVanabIe j

Search Radius Setting:
T
I—
—
[

Cancel |

Murnber of points:

b awirmumn distance:

™ Use bamier palylines:
Output cell size:

Output raster:

98]

. Click the Z value field dropdown list and click
CS137 CI K.

4. Click the Browse button.

5. Navigate to the Exercise3 folder and type CS137_IDW
in the Name field.

Laok in ID Exercised j EI =5 |58 |cx

Data
Name [C5Ta7 10w _0
Save as lype: |ESH\ GRID =l Cancel

28

6. Click Save.
7. Click OK.

Inverze Distance Weighted

Input paints:
Z walue field:
Fower:

Search radiuz type:

|Subsample_1934_C5137 7| EI

|es137_oik =l
[ 2
IVariabIe j

Search Radiuz Setting
Mumber of points:

M aximum distance:

=
o

™ Use barier polylines:
Output cell size:

Clutput razter:

|
I 2059.744

=)

ID:\SDAnaIyst\ExerciSES\CS‘I3 D”'l

o1

Cancel |

L7

ArcScene interpolates the surface and adds it to the scene.
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View the interpolated surface

Now that the surface has been added to the scene, you can
see that there are two areas with very high concentrations
of CS137. You will view the surface in perspective, with a
new color ramp, to better see its shape.

1. Right-click CS137 IDW and click Properties.

=] C5137_30

Froperties. ..

High: 177.323305

I Lo : 0.000000

2. Click the Symbology tab.

General | Source | Extent] Display  Sembology | Base Heights | Riendering

Show
] | Draw raster stretching values along a color ramp

Color Value Latiel
177.339905  [High: 177.329905
0.000000  fLow - 0.000000

Color Ramp: |

3. Click the Color Ramp dropdown arrow and click a new
color ramp.

QUICK-START TUTORIAL

4. Click the Base Heights tab.

Gieneral | Source | Extent | Display | Symbolagy {B3se Heights'| Rendering

1~ Height

€ Use a constant valug or expression to set heights for layer.

I E| I

& DObtain heights for layer from suface:

Id “Idanalystiexercise3os 1 37_idw

€ Layerfeatires HaveiZ values, Use them forheigtts,

M awimum resolution for base surface

512 Rows  |512 Columns

Z Unit Canversion
’7App\y conversion factar to place heights in same units &5 scens: custom - 1 ‘
~ Diffset
Add an offset using a constant or expression:
0 = [=
0 I Cancel Anply

(6]

5. Click Obtain heights for layer from surface.
6. Click OK.
7. Uncheck CS137 3D in the table of contents.

=] ThyroidCancerR ates
IMCIDT 000

{3 0-0.0758
£ 0.0759 - 0.2053
& 0.2054 - 0.3571
& 03572 - 06522
& 06523 -1.68129

2 0 L5137 7]

*
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Now you can see the interpolated surface of CS137

contamination, along with the thyroid cancer rate data.

ﬁ}_ Chernobyl.sxd - ArcScene

J File Edit Wiew Selection Tools Window Help

A= E3

DEW /TR [+ E QLS N

+

R0 QeRAHTNOER OM |

D At | Layer [cs137_idw EE-E S

e
O Subsample_1934_C$137
a ThyroidCancerR ates
INCIDT000
{3 0-00758
€3 0.0759 - 0.2053 -
@ 0.2054 - 03571
# 03572 - 06522
# DEG23- 16129
B O C5137_30

.
a 137 _idw
Walue
I High: 177.333305

Low: Doooon =]

Display

L4

Next, you will select the province centers with the

highest rates of thyroid cancer.

Select features by an attribute

Sometimes it is important to focus on a specific set of data
or specific features. You can select features in a scene by
their location, by their attributes, or by clicking them with

the Select Features tool. You will select the province

centers by attribute to find the locations with the highest

rates.

30

1. Click Selection and click Select By Attributes.

Selection Toolz ‘Window Help

ot By Attributes...
% Select By Location...
@ Zoom 16 Selected Features
> Statistics,..

Set Selectable Layers. .

[ Clear Selected Features

Interactive Selection Methad

Optichs. ..

2. Click the Layer dropdown arrow and click
ThyroidCancerRates.

Select By Attribute

Layer:

HE

Select procedure : IEreate a new selection

Fields:

nique values:

"FID"
"MAME"
"CASES"
"POPULUSE"

b [
"INCIDA 000" Jz LI Mt
|

©

3. Double-click INCID1000 in the Fields list.

Using 3D ANALYST
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4. Click the >= button.

Select By Attribute 7]
Layer: IThyroidEancerHates j
Select pioceduie | Create a new selection =l
Fieldz: Unique walues:

“FID = | < | Like | 04762 AI
"NAME" 0.4338
"CASES" > | = e e o
"POPULUSE" 0.5306
'$" < | “= | O | 0.5357
0.5822
“INCID 000" Jd 0 | Nat gg?gg —
N 41 B

S0L Infa... | Complete List |
SELECT * FROM terate WHERE:

"INCID1000" =05 0

Clear Verity Hep | Load. | Save. |
e
@ o
5. Type “0.57.
6. Check the selection expression you’ve built.
7. Click Apply.
8. Click Close.

The province centers with thyroid cancer rates greater

than 0.5 cases per 1,000 are now selected in the scene.

QUICK-START TUTORIAL

They are drawn in light blue to indicate that they are
selected.

View the attributes of features

You will investigate attributes of the selected locations and

find out how many cases of thyroid cancer occurred in
these districts.

1. Right-click ThyroidCancerRates and click Open
Attribute Table.

= ThyroidCancerH ates
INC Copy
g SU? ¥ Remove
@020 3l
& 035

& 055
= O C5137_ <& Zoom TaLayer

Joing and Relates »

* .
= 137 Selection 3

Wall <% Convert Features to Graphics...

High
I |g Data »

Low

Dizplay I Sourc

Save Az Laper File...

Froperties...
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2. Click the Selected button. 4. Right-click CASES and click Statistics.

M Selected Attributes of ThyroidCanceiRates 4
FID| Shape NAME CASES POPULUSE X
3 10) Paint Luninets 12 22790 5497685
15 Pait Stcln P} 16638 54378125 elected Attributes of ThyroidCancerRalte B [=] 3
15 Fant Bragin 8 7300 57295195 FID| Shape NAME TAGES POPULUSE X
17 | Paint Buda-Kosheleva g 10300 5741826 27 | Point Love 3 L SortAscending 503
18| Paint Wetha g 3500 G7EEE45.5 97 | Paint Slavgorod 3 = . 481
13| Paint Gomel 7 139459 57647855 16 [Faint ErEn n E195
27 Pt Love 3 4600 5748903 18| Foint etka 3 Z summarce... 6455
29 | Paint Maravlya 10 6200 5677271 17 | Point Buda-Koshelevo ] [Caloulate balies, . 826
32 | Paint Rechitza 17 29200 B721BE1 35 |Paint Khainiki ] 927
35 Pant Khiriki 3 11700 5700827 23(Pant el IR o]
91 | Point Slavgorod 3 BE00 5757481 10| Faint Lirtide 12 iz e i T
1| | | 32| Point Fiechitsa 17 Delete Field E51
15 Paint Stoln FE] 125
Record 1] 4 Tln] show i Records (11 out of 117 Selected . T T
esmi: [E 4] o] ] Se'eim eoards 11 out of 117 Selected) Dt 19| Paint Gomel T [5759765.5
< | |
Record: 14] < O nf Show Al | Selected Records (11 out of 117 Selected ) Dptions =
The total number of cases in the selected set of
The table now shows only those features that you 11 province centers is 176.
selected. . . ot :
5. Click the x to close the Selection Statistics dialog box.

3. Right-click CASES and click Sort Ascending.

Selection Statistics of tcrate
ed A hutes o oidCancerA ate _|O) %
Shape NAME TASES FOPULUS % field
10 |Paint Lurinels 12 565 CASES | Frequency Distribution
15| Paint Stalin 23 812.5 Sitatistics:
- - = Soit Descending e g
16 | Point Bragin 8 i 519.5 Count: 1
17 | Paint BudaKoshelevo E] Z summarize 826 M 3.000000 5
5 el el e —— M aximum: 74.000000
18| Point ‘Wetka 8 dICUIEtE VS UES E42.5 Sur; 176.000000
19 |Faint Gamel 74 Gatistics. .. 7655 Mean: . 16.000000 4
27| Paint v 3 W hops Standard Deviation: 19.140628 5
29|Paint Naravlya 10 O 7]
32| Paint Rechitza 17 Dielete Field 681 0
35 |Point Ehoiniki 9 - - 27 3 27 a1
91 Paint Slavgarod 3 |5600 | 577481
4| | j|
Record 14] 4] 0 _+[m] Show A\Ilse\ected Fecords (11 out of 117 Selected ) Options =

The selected province centers are sorted according to
the number of cases.
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6. Click the Navigate button and click on the scene.

£} Chernobylsxd - AicScene

J File Edit Wiew Selection Tools Window Help

JS[=] E3

DR 2ex |+ EQose|
[Pacaeaanun@Ek on

J 30 Analyst ‘ Laper. Ics13?_\dw =l B 2 |

+

=]
l=# Scene layers . =
[ Subssmple_1934_C5137 _ o
= ThyroidCancerR ates

INCID1000 o
3 0-0.0758 . s
@ 0.0759 - 0.2053 i
i 0.2034 - 0.3571
@ 0.3572- 06522

ates

M Selected Attributes of ThyroidCancerRates
FID Shape NAME CASES POPULUSE =
»| 10| Paint Luninets 12 22790 54
15| Point Stalin 23 1EE38 54
16| Paint Bragin g 7900 57
17 | Point Buda-kosheleva il 10300 57
18| Paint Wetha 8 9500 57
18| Paint Gomel 74 133453 57
5 27 | Point Love El 4600 57
_I_I 29|Point Maravlya 10 200 islj
4 3
Record: ﬂlﬂl 1 _Dlﬂl Show: Al I Selected  Records (11 out of 117 Selected ]

7. Click the Save button.

| DEHE| 4 @ e X & E Q&N

In this exercise you have created 3D features,
extruded point features, and interpolated a raster
surface from a set of data points. You’ve compared
the extruded vector data to the surface data and
explored the attributes of the vector data.
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Exercise 4: Building a TIN to represent terrain

The town of Horse Cave, Kentucky, is situated above a
cave that once served as the source of drinking water and
hydroelectric power for the town. Unfortunately, the
groundwater that flows in the cave was polluted by
household and industrial waste dumped on the surface and
washed into sinkholes. Dye tracing studies and a three-
dimensional survey of the cave revealed the relationship
between the cave passages and the town and demonstrated
the connection between open surface dump sites and
contamination of the groundwater in the cave below.

Thanks to the development in 1989 of a new regional
sewage facility and the joint efforts of the Cave Research
Foundation and the American Cave Conservation
Association (ACCA), the groundwater is cleaner and the
cave has been restored. It is now operated as a tour cave
and educational site by the ACCA.

Cave data was provided courtesy of the ACCA.

View the cave and the landscape

First you will open the BuildTIN scene and view the cave
survey and some terrain data layers. You’ll use this terrain
data to create a TIN and drape some other layers on it to
visualize the relationship of the cave to the town.
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1. Click File and click Open.

J File Edit Yiew Selection Tools wWindow Help

& save Chr+S

Save Az

2. Navigate to the Exercise4 folder and double-click
BuildTIN .sxd.

Loak jn: IaExerciseél j ﬁl

Cavedata
Tenaindata
Town

File name: IBul\dTIN aud

Open I
j Cancel |

Files of type: IArcScene Documents [*.sxd)

™ Open as read-only

The scene opens, and you can see the location of roads
and railroads, some sample elevation points, and a few
significant contour lines. In the table of contents, you
can see that some layers have been turned off.

Using 3D ANALYST



3. Check the box to show the Cavesurvey layer.

|%

Scene layers -
wipoints paint
+*
roads

railroad

—

=]
=M
=M
EI_
=M

birklines

By ¢
B O smelp * Bemove

Refresh
= O phototif
Walue Open dttibute Table
High : 25

Joing and Relates 3

Zoom To Laper

.

Dizplay

Selection »

4. Right-click Cavesurvey and click Zoom To Layer.

The cave survey data consists of PolylineZ features,
which are automatically drawn in 3D because they have
z-values embedded in their geometry. They appear
above the rest of the data because all of the other layers
are drawn with the default elevation of 0.

In the next steps you will build a TIN to provide the
base heights for the streets and a photo of the town.

Create a TIN from point data

You have a point layer called vipoints point. This coverage
consists of points with an attribute called “SPOT” that
contains elevation values taken at these points. You’ll
create the TIN surface model from these points.

QUICK-START TUTORIAL

W

1. Click 3DAnalyst, point to Create/Modify TIN, and click

Create TIN From Features.

J|3D Analpst = | Layer Iphntn tif j %)?ﬁ 3
Create/Modfy TIN. b

Interpolate to Raster

Create TIM From Features...

Add Feature ta TIN...

Surface Analysis 3
Feclassii..

Corvvert »
[0 ptiars. .

. Check vipoints point.
Create TIN From Fealures EHE
— Input;

Check the layer(z] that will be uzed to create the TIN. Click a laver's name to

specify itz settings.

e — Settings for selected layer——————————————— e

E ;g;largid Feature tppe: 2D points

[ biklines X

] Cavesurvey Height soLrce: Ispm’ vl

[] smelp
Triangulate as: I,-ﬁaSS poirts vl
Tan valug field: |<none> vl

Output TIM: Db 30AnalyethE sercized\T eraindatatting E} e

' 4
The SPOT field name appears in the Height source

dropdown list, and the layer will be triangulated as mass
points.

Change the default path so that the new TIN will be
created in the Exercise 4\Terraindata\ folder.

4. Click OK.
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The TIN is created and added to the scene. Note that it
is drawn above the Cavesurvey layer; the elevation
values in the TIN define its base height.

While this TIN is a fairly good model of the surface, you
can make it more accurate by adding some more features.

Add features to a TIN

Now you will add hard and soft breaklines and a clip
polygon to the TIN. You’ll add the railroad features as soft
breaklines, so they’ll be represented on the surface but
won't influence the shape of the surface. You’ll add the
brklines features as hard breaklines with elevation values to
refine the shape of the surface in areas that you’re most
interested in. Finally, you will add the smclp polygon as a

soft clip polygon to more smoothly define the edge of the
TIN.
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W

. Click 3D Analyst, point to Create/Modify TIN, and click
Add Features to TIN.

“3[) Analyst | Layer: Iphoto.tif j g@ ’}\

Create/Modify TIN -~ » Create TIN From Features...
Interpolate to Raster  p

Surface Analysiz 3

Eeclaszsif..

Corrvert »

] ]

. Check railroad.

Add Features To TIN

~ Input;

Input TIM: Itin1 j EI
Check the layer(z) whoze features are to be added to the TIN. Click a layer's

name to specify its settings.

Layers:

e  Settings for selected layer—————————————
[] vipaints point EI
[ oads F e
[ (ol
AR fEs
[ brklines
[ Cavesurvey Height source: |<none> ;.I e
[ smclp
Triangulate as ft line o

Tag walue field: Im

. Click the Height source dropdown arrow and click

<none>.

Click the Triangulate as dropdown arrow and click soft
line.
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5. Check brklines. 7. Click the Height source dropdown arrow and click

<none>.
e — 8. Click the Tag value field dropdown arrow and click
[ <none>.
Input TIN: [tind =l =
Check the Iayxfal[_s] who_se features are to be added to the TIM. Click a layer's You haVe deﬁned the feature layerS that you Want tO add
i ts zettings. . .
e to your TIN and specified how they should be integrated
—_— L [ Settings for selected laper————————————— . . .
L] veorits port = into the triangulation.
g rofads Feature type: 20 lines
[w] railroa
brklines
O Cavsurvey Height source: I ELEVATION j 6

[ smelp Add Features To TIN

Triangulate a3 |hard line vl ~ Input
Tao value field: | .rones vl BV It"ﬂ j EI

Check the laver(z] whoze features are to be added to the TIM. Click a laper's
name to specify its settings.

Lé’i'i;ints e =  Setlings for selected layer

The Add Features to TIN tool detects that there is an R Feauretpe: 20 polygans

ELEVATION field and uses it for the height source. You e e M [ 7]

will accept the default and triangulate them as hard i S _

breaklines. e ET—.
6. Check smclp. Tag value el [cnone> = '3 )

& Save changes into the input TIN specified above
D) (FEEes T L] HE ™ Save changss into 3 new output TIN:
it Dutput TIN: [D308nalpet Ererciad T anaindatahting =
Input TIN: [tind =l =

EK I Cancel |
Check the Iayer[_s] who_se features are to be added to the TIM. Click a layer's

hame to specify its settings.

Layers:

Tt pont EI —Settings for zelected layer————————————————
::;lalgsad Feature lype: 20 polygons . . .
o llnes e 9. You will save the changes to tinl. Click OK.

: ———0
Triangulate as: zolt clip 7
Tao value field: | nones ‘l
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The new features are added to the TIN.
You can see that the railroad follows a bed that has been
leveled somewhat relative to the surface.

Set features’ base heights from the TIN

Now you will set the base heights for the road and railroad
features from the new TIN.

1. Right-click roads and click Properties.

<% Convert Features to Graphics...

Data 3

Scene layers
W

vipoinks poi Sawve &z Layer File...

railroad

—

brklines

Cavesurvey

smclp

M

Drizplay I Source I
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2. Click the Base Heights tab.

W = W

General | Source Selection || Display |  Symbology | Fields | Defintion Query |
Joins & Relates Base Heights Estrusion Rendering
Height
" se & constant value or xpression to set heights for layer:
l =l &
! g
¢ ibiain heights for laver from suifaces
K | =
I D430 ANalstE xercised\T enaindatatting s | o
Haster Besalution...
£ Laver featues Haye Zvalues. Wse therm for heights.

"Z Uit Corersion

Apply conversion Factor to placs heights in same units as scene: [ custom - 1 ‘

- Offset

Add an offset using a constant or expression

|u

= &

o]

Cancel | Apply

o

Click Obtain heights for layer from surface.

Click the dropdown arrow and click tinl.

Click OK.

The road features are now draped over the TIN surface
that you created. Now you will drape the railroad

features over the surface.

. Right-click railroad and click Properties.
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7. Click Obtain heights for layer from surface. The railroad features are now draped over the TIN
surface that you created. Next you’ll drape the aerial
- photo over the TIN.
—_— 5? Corwert Features to Graphics....
Scene | :
£ Scenelavert D b Set raster base heights from the TIN
* Sawe As Layer File.. 3 3 3
BE e Including the aerial photo of the town in the scene makes
= the relationship between the cave and the town much more
50 bines evident. You’ll drape the raster over the TIN and make it
. partly transparent, so that you’ll be able to see the cave
AVesUrvey
_ beneath the surface.
= 0O smelp . . . . .
1 | 1. Right-click photo.tif and click Properties.
Diizplap
8. Click OK. 3 Copy
X Bemove
=15 —————————— = Refish
Properties X
g68.a .
Generd | Sowce | Sdecion | Dipby | Sumboom | Fiells | DefonCuey | 9 5773 Open Attibute Table
.Jo\ns % Relates Base Heights Extrusion | Rendering . 2877 @2 Foar To Ly
 Height | ek
" Use a constant value or expression to set heights for layer . 7166l Set Data Source. ..
ID j‘ EI . 221515' Save Az Layer File. .
% (@btain heights forlayer fiom suface; 0 L M
[ DD analyst Exerised T smsindatahiind =l El
Fraster fFesoltior.. I alue
] [Lapenfeatures have 2 values, Use thenm for heights, High: 255
Z Urit Conversion Low- 0 =l
’i&ppl}l conversion factor to place heights in same units as scene: | custom - I 1 ‘ Disp|a}| I SDZ:ZB I
~ Off
Add an offget using a constant or expression:
o =
I Cancel | Apply
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2. Click the Base Heights tab. 6. Type 30 in the Transparent text box.
7. Click OK.
8. Check photo.tif.

Now the aerial photo is 30 percent transparent. You can see
large patches of the TIN over the photo because the TIN
and the photo have the same drawing priority. If you

Properties

Use & constant value or expression to st heights for layer

0 gl ..
Lt_ L = wanted the TIN to be visible below the photo, you could
v ain heights for laver from surface; . . . . .
s (4] change its drawing priority to 10 (lowest) on the Rendering
[ e Hesbion.. | tab of the TIN’s Layer Properties dialog. You could also
offset the base height of the TIN or the photo by a small
3. Click Obtain heights for layer from surface. amount.
4. Click the dropdown arrow and click tinl. Clean up the scene
5. Click the Display tab. To clean up the scene you’ll turn off some layers that are
no longer needed and make the cave line symbol larger.
D € 1. Uncheck vipoints point.
Pt 2. Uncheck brklines.
General | Sourcd | Extent  Display | Symbology | Fislds | Base Heights | Rendering
I~ Show Map Jips luses primar display fikl] 3. Uncheck tinl.
I Display rastdr resolution in table of contents . 3
I~ o inravedil frEfct oo 4. Double-click the line symbol for the Cavesurvey layer.
Resample durirg display using |anear Interpolation [for continunus data) j
Transparent oz =
=F Scene layers =
B | R 1
= roads
= ;road
= O biklines e
=] ;vesurvey F—
=0 ;ch o
[ Al 0
I =0 e
Edge type
— Soft Edge
Hard Edge
Elevation j
Display
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5. Type 5 in the Width box.

Symbol Selector HE
Category: | &1 | Preview
— _— N ——
Highway Highway Ramp Expressway j
- Optians
Coor [ -
EvpressayRamp  MajorRoad  Aderil Sheel e [F— e
Collector Stieet  Residential Street Raiload
_ — = — Properties.
Fiver Boundaw,  Boundsm, State MR B e
Mational
Save.. | Beset
—— s —— LI oK I Cancel G

6. Click OK.

Now you can see the three-dimensional passages of the
cave, symbolized by thick lines. The surface features
and the aerial photo provide context, so you can easily
see the relationship of the cave to the town.

Create a profile of the terrain

The cave follows the valley floor orientation. To get an
understanding of the shape of the valley, you will create a
profile across the TIN. In order to create a profile, you
must first have a 3D line (feature or graphic). You will start
ArcMap, copy the TIN to the map, and digitize a line to
make your profile.

QUICK-START TUTORIAL

1. Click the Launch ArcMap button.

[DEE&mex |t Q&

ArcMap starts.
2. Click OK.

% ArcMap

— Start uging Archdap with

fior warious geographic regions.

é A ewisting map:

Templates provide ready-to-use layouts and base maps

Browsze far maps...

I Immediately add data
I~ Do nat shaw this dislog again

-0

Now you will add the 3D Analyst toolbar to ArcMap. The
ArcMap 3D Analyst toolbar contains a few tools that do
not appear on the ArcScene 3D Analyst toolbar. Two of
these are the Interpolate Line tool and the Create Profile
Graph tool, which you will use to create your profile of the

surface.
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. Right-click on one of the ArcMap toolbars and click
3D Analyst.

% Untitled - ArcMap [_[o[=
File Edit Wiew Insert Selection Tools Window Help ’T tain Menu
DEE& & ax|nm|¢|ﬁﬁ5t~ﬁ"dﬂfd L3
« | Tools
RRERTPER TR OBME
——————— | Layaut =1
Editor
Spatial Analyst
Effects

Geostatistical Analyst

Georeferencing

Dimensioning
Data Frame Tools

Litility Metwark &nalyst

YWersioning
Graphics
Edit Cache =
S -
Display ﬁ =Ny Custamize.. LI_
J Drawirg ~ W& () ‘ O~ A~ (% |Ar|a\ iew Souoe B 7 U ‘A'

| [555.16 1000 Unknown Units |

R

The 3D Analyst toolbar appears.

4. In the ArcScene table of contents, right-click tinl and
click Copy.

Fefresh
[ 18 <% Zoom ToLayer
Bl

. 8 Sef ata Source...

| & ;
— Sawe Az Layer File...

Dizplay I SU' Properties...
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. In the ArcMap table of contents, right-click Layers and

click Paste Layer.

x|

|
+ addData..
9 Mew Graup Laper
Lamy [Eir]+[E:
T O
ot Hemave

Sef Heference Scals
[Elean Heference Seale

Zoam TjoRefeense Stale

Advanced Diawing Dplions. ..

Earyert [Latels to Sanatation

[Earert Eeatures to Fraphics

Dictivate

Dizplay SDU'CEI Fropertjes..

. In the ArcMap table of contents, check tinl.

=
= tinl 0
Edge type
— Soft Edge
— Hard Edge
Elewation
[1894.444 - 930
[ 852,829 - 834.444
I 523,333 - 858,889
W FO7.7TE - 823333
Il 752222 - 787.778
[ F1E.BET - 7h2.222
B 581,111 - FIBEET
[] 645,556 - B21.111
[1610-E45.556

Dizplay I Source I
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7. Click the Interpolate Line button. The profile graph is created.

& Profile Graph Title _ (O]

EEERET Amsezzis|e|a| Profile Graph Title

8. Click on the upper-left corner of the TIN, drag the line
to the lower-right corner, and double-click to stop
digitizing.

100

1] 500 1000 1400 2000 2500

Profile Graph Subtitle

You can edit the title, subtitle, and other properties of
the graph; you can save, print, or export the graph; you
can copy it to the clipboard; and you can show the graph
on the layout. You can also simply close the graph.

10. Right-click on the profile graph title bar and click Show
on Layout.

11.Close the profile graph window.

D Y-

i\

& Profile Graph Title

Show on Layout

You can create a profile along a line with more than . _
. . o1y - P rOfl IE v Reload Automatically
one segment, but in this case you’ll just make one 200 Rieload How
straight line. Load..
260 =
. Save...
9. Click the Create Profile Graph button. 200
Frint
Expart...
150 LCopy Graph to Clipboard
100 P . -
D 500 (B 2500

La}ler:ltin‘l ﬂ @ /S“ oo éIg‘g’ |g| @ |

Profile Graph Subtitle
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You can see the graph on the layout of the map.

12. Click the Data View button to return to data view.

... .5, . . N ]

Create a line of sight on the terrain

Another way of understanding the terrain is to create a line
of sight. Lines of sight show what parts of a surface are
visible and what parts are hidden along a line from an
observer point to a target point.

1. Click the Create Line of Sight button.

3otz S|l @]

0]
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2. Type 2 in the Observer offset text box.

LineOfSight

Set options below as desired, then click the
ohserver point and the target paint on the map.

Observer offzet: |2 units e
Target affzet: ID Z unitz

= Apply cunvature andlrefraction correction

The line of sight will be calculated to show what is
visible from the perspective of an observer two meters
tall, as the z units for this scene are meters.

3. Click on the south slope of the higher land in the upper-
right part of the TIN (the observer point), drag the line
to the lower-right part, and release the mouse button
(the target point).
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The line of sight is calculated. The green segments show
areas that are visible from the observer point; the red
segments are hidden from the observer.

4. Close the LineOfSight dialog box.
LineOfSight <] 4

Set options below as desired. then click the
observer point and the target point on the map.

|2 Z units
ID Z units

™| & pply cunature atdiiefaction corestion

Obszerver offset:

Target offzet:

Lines of sight, like other graphic lines, can be copied
from ArcMap to ArcScene. Now you will copy both the
lines you’ve created into the scene.

QUICK-START TUTORIAL

5. Click Edit and click Select All Elements.

Window

Edit Wiew Insert Selection Tools
&7 Undo Delete Elements  Chil+Z
A Bedn il
3 Cut Chrl+
LCopy Chrl+C
B Paste Chil+
Paste Special
b Dielete Delete

E# Copy Map To Clipboard

&4 Find..

s

Now both the lines you created are selected.

6. Click Edit and click Copy.

Edit “iew Insert Selection Toolz ‘window

' Undo Delete Elements  Chrl+Z
A Bedo [Crl
# o Cut Cirl
= ECT O
E Paste Cotrl+4
Faste Special
X Delete Delete
B3 Copy Map To Clipboard
&4 Find...

Select All Elements
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7. In ArcScene, click Edit and click Paste. 9. In ArcMap, click File and click Exit.

(o i el Tl st J_EI|E Edit Wiew Insert Selection Tools ‘window

8 Gl il D New.. Gttt
e Copy Bl = Open.. Chl+0
@ —e & Save Chil+5
v Delete [Velete Save Az
E3 Copy Scene To Clipboard {"/ Add Data...
@& Find... 2 jdd Data from Geography Metwark...
Select All Elements j Fage Setup...
@ Frint Presview. ..
& Brint...
The lines are pasted into the scene. Map Properiss...
Impart fram Arciiew project...
Export Map...

10. Click No.

& Save changes to Untited?

®

8. In ArcScene, click the Save button. This tutorial introduced you to a sample of the tasks you
can do with 3D Analyst, and showed how ArcCatalog,
ArcMap, and ArcScene can be used together. The
remaining chapters in this book discuss in detail the variety
of tasks you can accomplish with 3D Analyst.

|DEEHE X & Q&N
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Creating surface models

IN THIS CHAPTER

» Representing surfaces with ras-
ters and TINs

» Creating a raster from points

* Interpolator assumptions

» Raster output controls

» Creating a TIN from vector data
* Modifying a TIN

» Creating a TIN from a raster

» Creating a raster from a TIN

3D Analyst lets you work with real or hypothetical surfaces with two types
of surface models: rasters and TINs. You can use existing models, or you
can create your own from a variety of data sources. The two main methods
of creating surface models are by interpolation and by triangulation. You
can choose from several interpolation methods including Inverse Distance
Weighted, Spline, Kriging, and Natural Neighbors interpolation. You can
build triangulated surfaces by creating a TIN or by adding elements to an

existing TIN. You can also convert between TIN and raster surface models.
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What are surfaces and surface models?

A surface is a continuous field of values that may vary over an Raster surfaces
infinite number of points. For example, points in an area on the
earth’s surface may vary in elevation, proximity to a feature, or
concentration of a particular chemical. Any of these values may
be represented on the z-axis in a three-dimensional x,y,z
coordinate system, so they are often called z-values.

Raster surfaces are usually stored in grid format. A grid consists
of a rectangular array of uniformly spaced cells with z-values.
The smaller the cells, the greater the locational precision of the
grid.

Because a surface contains an infinite number of points, it is
impossible to measure and record the z-value at every point.
Surface models allow you to store surface information in a GIS.
A surface model approximates a surface by taking a sample of
the values at different points on the surface and then interpolating
the values between these points.

Higher precision grid Lower precision grid

You cannot locate individual features—for example, the summit
of a mountain—any more precisely than the size of the grid cells.

Rasters are also used to store images and thematic grid data.

Surface model of chemical concentration across an area with
points showing where the concentration was sampled

3D Analyst uses two types of surface models: rasters and TINSs.
Rasters represent a surface as a regular grid of locations with
sampled or interpolated values. TINs represent a surface as a set
of irregularly located points linked to form a network of triangles
with z-values stored at the nodes. Grid in perspective view
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TIN surfaces

TINs consist of nodes that store z-values, connected by edges to
form contiguous, nonoverlapping triangular facets. The edges in
TINs can be used to capture the position of linear features that
play an important role in the surface such as ridgelines or stream
courses.

Nodes and edges of a TIN Nodes, edges, and faces
Because the nodes can be placed irregularly over the surface,
TINs can have a higher resolution in areas where a surface is
highly variable or where more detail is desired and a lower
resolution in areas that are less variable or of less interest.

TIN in perspective view

CREATING SURFACE MODELS

The input features used to create a TIN remain in the same
position as nodes or edges in the TIN. This allows a TIN to
preserve all of the precision of the input data while
simultaneously modeling the values between known points. You
can include precisely located features on a surface—such as
mountain peaks, roads, and streams—by using them as input
features to the TIN.

TIN models are less widely available than raster surface models
and tend to be more expensive to build and process. The cost of
obtaining good source data can be high, and processing TINs
tends to be less efficient than processing raster data because of
their complex data structure.

TINs are typically used for high precision modeling of smaller
areas, such as in engineering applications, where they are useful
because they allow calculations of planimetric area, surface areca,
and volume.
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Creating raster surfaces from points

Surfaces of continuous data are usually generated from samples
taken at points across the area. For example, the irregularly
spaced weather stations in a region can be used to create raster
surfaces of temperature or air pressure. The resulting surface is a
regular grid of values.

What is interpolation?

Interpolation predicts values for cells in a raster from a limited
number of sample data points. It can be used to predict unknown
values for any geographic point data: elevation, rainfall, chemical
concentrations, noise levels, and so on.

"0 13 |14 | 18
“14 o
14014 |16 | 19| 24
18 18 |16 | 16 13
24 19 | 19
0y ' 30 ag | 27

On the left is a point dataset of known values. On the right is a raster
interpolated from these points. Unknown values are predicted with a
mathematical formula that uses the values of nearby known points.

In this example the input points happen to fall on cell centers—
this is unlikely in practice. One problem with creating rasters by
interpolation is that the original information is degraded to some
extent—even when a data point falls within a cell, it is not
guaranteed that the cell will have exactly the same value.

Interpolation is based on the assumption that spatially distributed
objects are spatially correlated; in other words, things that are
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close together tend to have similar characteristics. For instance, if
it is snowing on one side of the street, you can predict with a high
level of confidence that it is also snowing on the other side of the
street. You would be less sure if it was snowing across town and
less confident still about the state of the weather in the next
county.

Why interpolate?

Visiting every location in a study area to measure the height,
magnitude, or concentration of a phenomenon is usually difficult
or expensive. Instead, dispersed sample input point locations can
be selected and a predicted value can be assigned to all other
locations. Input points can be either randomly, strategically, or
regularly spaced points containing height, concentration, or
magnitude measurements.

A typical use for point interpolation is to create an elevation
surface from a set of sample measurements. Each point represents
a location where the elevation has been measured. The values
between these input points are predicted by interpolation.

OEEEEEEEOO

[] High

The resulting grid is a prediction of what the elevation is at any
location on the actual surface.
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Interpolation methods

There are several ways to create raster surfaces from point data.
You can use the Inverse Distance Weighted (IDW), Natural
Neighbors, Spline, and Kriging methods to create surfaces
through the user interface of 3D Analyst. Trend surface
interpolation is available through customization.

Each interpolation method makes assumptions about how to
determine the estimated values. Depending on the phenomenon
you are modeling and the distribution of sample points, different
interpolators produce better models of the actual surface.
Regardless of the interpolator, the more input points and the more
even their distribution, the more reliable the results.

Inverse Distance Weighted: This interpolation method assumes
that each sample point has a local influence that diminishes with
distance. It weights the points closer to the processing cell more
heavily than those farther away. Either a specified number of
points or all of the points within a given radius can be used to
determine the value of each output cell. This method is
appropriate when the variable being mapped decreases in
influence with distance from the sampled location. For example,
when interpolating a surface of consumer purchasing power for a
retail site analysis, the purchasing power of a more distant
location will have less influence because people are more likely
to shop closer to home.

Natural Neighbors: Like IDW, this interpolation method is a
weighted-average interpolation method. However, instead of
finding an interpolated point’s value using all of the input points
weighted by their distance, Natural Neighbors interpolation
creates a Delauney Triangulation of the input points and selects
the closest nodes that form a convex hull around the interpolation
point, then weights their values by proportionate arca. This
method is most appropriate where sample data points are
distributed with uneven density. It is a good general-purpose
interpolation technique and has the advantage that you do not
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have to specify parameters such as radius, number of neighbors,
or weights.

Spline: This general-purpose interpolation method fits a
minimum-curvature surface through the input points.
Conceptually, this is like bending a sheet of rubber to pass
through the points while minimizing the total curvature of the
surface. It fits a mathematical function (a minimum curvature,
two-dimensional, thin-plate spline) to a specified number of the
nearest input points while passing through all input points. This
method is best for gradually varying surfaces such as elevations,
water-table depths, or pollution concentrations. It is not
appropriate when there are large changes within a short
horizontal distance because it can overshoot estimated values.

Kriging: This interpolation method assumes that the distance or
direction between sample points reflects a spatial correlation that
can be used to explain variation in the surface. Kriging fits a
mathematical function to a specified number of points, or all
points within a specified radius, to determine the output value for
each location. Kriging is a multistep process; it includes
exploratory statistical analysis of the data, variogram modeling,
creating the surface, and (optionally) exploring a variance
surface. This function is most appropriate when you know there
is a spatially correlated distance or directional bias in the data. It
is often used in soil science and geology.

Trend: This interpolation method fits a mathematical function—a
polynomial of specified order—to all input points. This method
uses a least-squares regression fit, which results in a surface that
minimizes the variance of the surface in relation to the input
values. The surface is constructed so that for every input point,
the total of the differences between the actual values and the
estimated values (the variance) will be the smallest possible. The
resulting surface rarely goes through the input points. The Trend
method is available though customization but not through the

3D Analyst user interface.
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Details on the interpolation methods

Of the available interpolation methods, IDW, Spline, and
Kriging, each has some parameters that influence how the
interpolation is done. The Natural Neighbors method only
requires that you specify the output cell size.

Inverse Distance Weighted

IDW estimates grid cell values by averaging the values of sample
data points in the vicinity of each cell. The closer a point is to the
center of the cell being estimated, the more influence, or weight,
it has in the averaging process. There are several parameters you
can set to control the IDW interpolation. These are the Power, the
Radius Type, and Barriers.

Power: With IDW you can control the significance of known
points on the interpolated values based on their distance from the
output point. By defining a high power, more emphasis is placed
on the nearest points, and the resulting surface will have more
detail (be less smooth). Specifying a lower power will give more
influence to the points that are further away, resulting in a
smoother surface. A power of 2 is most commonly used and is the
default.

The characteristics of the interpolated surface can also be
controlled by limiting the number of input points used for
calculating each interpolated point:

Radius Type: Fixed

With a fixed radius, the distance of the radius is constant, and for
each interpolated point, all of the points within the circle will be

used. By specifying a minimum count, you can ensure that if in a
certain area the number of points is less than the count specified,
the radius of the circle will be increased until the count is met.
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Radius Type: Variable

With a variable radius, the number of points used in calculating
the value of the interpolated point, or count, is specified. This
makes the radius vary for each interpolated point, depending on
how far it has to search around each interpolated point to reach
the specified number of input points. The variable radius
approach may produce better surfaces when the density of input
points varies significantly from one area to another. If you know
you have areas with sparsely distributed input points, you can
specify a maximum distance to limit the potential radius of the
circle. In this case, if the number of points is not reached before
the maximum distance of the radius is reached, fewer points will
be used in the calculation of the interpolated point.

Barrier: A line or polygon dataset can be used as a break that
limits the search for input sample points. A line can represent a
cliff, ridge, or some other interruption in a landscape. Only those
input sample points on the same side of the barrier as the current
processing cell will be considered. A choice of No Barriers will
use all points within the identified radius.

Spline

Spline estimates values using a mathematical function that
minimizes overall surface curvature, resulting in a smooth surface
that passes exactly through the input points.

There are two Spline methods, Regularized and Tension. They
are described below, as well as the meaning of the weight
parameter, which changes depending on the Spline method. Both
methods share a number of points parameter.

Number of points: For both methods, this parameter defines the
number of points used in the calculation of each interpolated
point. The more input points you specify, the more each cell is
influenced by distant points, and the smoother the surface.
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Regularized spline

The Regularized method creates a smooth, gradually changing
surface with values that may lie outside the sample data range.

Weight: Defines the weight of the third derivatives of the
surface in the curvature minimization expression. The higher the
weight, the smoother the surface.

The values entered for this parameter must be equal to or greater
than zero. The typical values that may be used are 0, .001, .01,
.1, and .5.

Tension spline

The Tension method tunes the stiffness of the surface according
to the character of the modeled phenomenon. It creates a less
smooth surface with values more closely constrained by the
sample data range.

Weight: Defines the weight of tension. The higher the weight,
the coarser the surface.

The values entered have to be equal to or greater than zero. The
typical values are 0, 1, 5, and 10.

Kriging

IDW and Spline (discussed earlier) are referred to as
deterministic interpolation methods because they are directly
based on the surrounding measured values or on specified
mathematical formulas that determine the smoothness of the
resulting surface. A second family of interpolation methods
consists of geostatistical methods (such as kriging), which are
based on statistical models that include autocorrelation (the
statistical relationship among the measured points). Because of
this, not only do these techniques have the capability of
producing a prediction surface, they can also provide some
measure of the certainty or accuracy of the predictions.
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Kriging is similar to IDW in that it weights the surrounding
measured values to derive a prediction for an unmeasured
location. The general formula for both interpolators is formed as
a weighted sum of the data:

3 (s) = iAiZ(s)

where
Z(s)) is the measured value at the ith location;

A, is an unknown weight for the measured value at the ith
location;

s, is the prediction location;
N is the number of measured values.

In IDW, the weight, A, depends solely on the distance to the
prediction location. However, in Kriging, the weights are based
not only on the distance between the measured points and the
prediction location but also on the overall spatial arrangement
among the measured points. To use the spatial arrangement in the
weights, the spatial autocorrelation must be quantified. Thus, in
Ordinary Kriging, the weight, A, depends on a fitted model to the
measured points, the distance to the prediction location, and the
spatial relationships among the measured values around the
prediction location.

To make a prediction with Kriging, two tasks are necessary: (1)
to uncover the dependency rules and (2) to make the predictions.
To realize these two tasks, Kriging goes through a two-step
process: (1) the creation of variograms and covariance functions
to estimate the statistical dependence (called spatial
autocorrelation) values, which depends on our model of
autocorrelation (fitting a model), and (2) actually predicting the
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unknown values (making a prediction). It is because of these two Often each pair of locations has a unique distance, and there are

distinct tasks that it has been said that Kriging uses the data often many pairs of points. To plot all pairs quickly becomes

twice: the first time to estimate the spatial autocorrelation of the unmanageable. Instead of plotting each pair, the pairs are

data and the second time to make the predictions. grouped into /ag bins. For example, compute the average
semivariance for all pairs of points that are greater than 40 meters

Variography apart but less than 50 meters. The empirical semivariogram is a

graph of the averaged semivariogram values on the y-axis and the

Fitting a model or spatial modeling is also known as structural distance (or lag) on the x-axis (see diagram below).

analysis or variography. In spatial modeling of the structure of
the measured points, we begin with a graph of the empirical
semivariogram, computed as,

Semivariogram(distance /) = 0.5 * average| (value at location i — Semivariance

value at location ;)?| A
for all pairs of locations separated by distance /2. The formula e
involves calculating the difference squared between the values of oo °® 0e®0 o ®e
the paired locations. The image below shows the pairing of one ® ° « * e
point (the red point) with all other measured locations. This e o e® o° °
process continues for each measured point. °®

Distance

Spatial autocorrelation quantifies a basic principle of geography;
things that are closer are more alike than things farther apart.
Thus, pairs of locations that are closer (far left on the x-axis of
the semivariogram cloud) should have more similar values (low
on the y-axis of the semivariogram cloud). As pairs of locations
become farther apart (moving to the right on the x-axis of the
semivariogram cloud), they should become more dissimilar and
have a higher squared difference (move up on the y-axis of the
semivariogram cloud).
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Fitting a model to the empirical semivariogram

The next step is to fit a model to the points forming the empirical
semivariogram. Semivariogram modeling is a key step between
spatial description and spatial prediction. The main application of
Kriging is the prediction of attribute values at unsampled
locations. We have seen how the empirical semivariogram
provides information on the spatial autocorrelation of datasets.
However, it does not provide information for all possible
directions and distances. For this reason, and to ensure that
Kriging predictions have positive Kriging variances, it is
necessary to fit a model (i.e., a continuous function or curve) to
the empirical semivariogram. Abstractly, this is similar to
regression analysis, where a continuous line or curve is fitted.

We select some function that serves as our model, for example, a
spherical type that rises at first and then levels off for larger
distances beyond a certain range (see previous image). There are
deviations of the points on the empirical semivariogram from the
model; some points are above the model curve, and some points
are below. But if we add the distance each point is above the line
and add the distance each point is below the line, the two values
should be similar. There are a lot of different semivariogram
models to choose from.

Different types of semivariogram models

3D Analyst provides the following functions to choose from to
model the empirical semivariogram: Circular, Spherical,
Exponential, Gaussian, and Linear. The selected model influences
the prediction of the unknown values, particularly when the shape
of the curve near the origin differs significantly. The steeper the
curve is near the origin, the more influence the closest neighbors
will have on the prediction. As a result, the output surface will be
less smooth. Each model is designed to fit different types of
phenomenon more accurately.
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The diagrams below show two common models and identify how
the functions differ:

* The Spherical Model

Semivariance
A
° °
o °, ® .
o0 0% o
o ° ® o e '
) () )
° ° 4 o °
°

v

Distance

This model shows a progressive decrease of spatial
autocorrelation (equivalently, an increase of semivariance) until
some distance, beyond which autocorrelation is zero. The
spherical model is one of the most commonly used models.

* The Exponential Model
Semivariance
A

v

Distance
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This model is applied when spatial autocorrelation decreases
exponentially with increasing distance. Here the autocorrelation
disappears completely only at an infinite distance. The
exponential model is also a commonly used model.

The choice of which model to use in 3D Analyst is based on the
spatial autocorrelation of the data and on prior knowledge of the
phenomenon.

Understanding a semivariogram—the range, sill, and
nugget

As previously discussed, the semivariogram depicts the spatial
autocorrelation of the measured sample points. Because of a
basic principle of geography (things that are closer are more
alike), measured points that are close will generally have a
smaller difference squared than those farther apart. Once each
pair of locations is plotted (after being binned) a model is fit
through them. There are certain characteristics that are commonly
used to describe these models.

The range and sill

When you look at the model of a semivariogram, you will notice
that at a certain distance the model levels out. The distance where
the model first flattens out is known as the range.

¥(s.S)

Partid
Sill
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Sample locations separated by distances closer than the range are
spatially autocorrelated, whereas locations farther apart than the
range arc not.

The value at which the semivariogram model attains the range
(the value on the y-axis) is called the sill. The partial sill is the
sill minus the nugget (see following section).

The nugget

Theoretically, at zero separation distance (i.c., lag = 0), the
semivariogram value is zero. However, at an infinitely small
separation distance, the semivariogram often exhibits a nugget
effect, which is some value greater than zero. If the
semivariogram model intercepts the y-axis at 2, then the
nugget is 2.

The nugget effect can be attributed to measurement errors or
spatial sources of variation at distances smaller than the sampling
interval (or both). Measurement error occurs because of the error
inherent in measuring devices. Natural phenonema can vary
spatially over a range of scales (i.c., micro or macro scales).
Variation at micro scales smaller than the sampling distances will
appear as part of the nugget effect. Before collecting data, it is
important to gain some understanding of the scales of spatial
variation that you are interested in.

Making a prediction

The first task of uncovering the dependence (autocorrelation) in
your data has been accomplished. You have also finished with the
first use of the data, where the spatial information in the data (to
compute distances) is used to model the spatial autocorrelation.
Once you have the spatial autocorrelation, you proceed with
prediction using the fitted model; thereafter, the empirical
semivariogram is set aside.
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For the second task, you use the data again to make predictions.
Like IDW interpolation, Kriging forms weights from surrounding
measured values to predict at unmeasured locations. As with
IDW interpolation, the measured values closest to the
unmeasured locations have the most influence. However, the
Kriging weights for the surrounding measured points are more
sophisticated than those of IDW. IDW uses a simple algorithm
based on distance, but kriging weights come from a
semivariogram that was developed by looking at the spatial
nature of the data. To create a continuous surface or map of the
phenomenon, predictions are made for each location (cell
centers) in the study area based on the semivariogram and the
spatial arrangement of measured values that are nearby.

Search radius

We can assume that as the locations get farther from the
prediction location, the measured values will have less spatial
autocorrelation with the unknown value for the location we are
predicting. Thus, we can eliminate those farther locations with
little influence. Not only is there less relationship with farther
locations, it is possible that the farther locations may have a
negative influence if they are located in an area much different
than the prediction location. Another reason to use search
neighborhoods is for computational speed. The smaller the search
neighborhood, the faster the predictions can be made. As a result,
it is common practice to limit the number of points that are used
when making a prediction by specifying a search neighborhood.
The specified shape of the neighborhood restricts how far and
where to look for the measured values to be used in the
prediction. Other neighborhood parameters restrict the locations
that will be used within that shape so, for example, you can
define the maximum and minimum number of measured points to
use within the neighborhood.
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Using the configuration of the valid points within the specified
neighborhood around the prediction location in conjunction with
the model fit to the semivariogram, the weights for the measured
locations can be determined. From the weights and the values, a
prediction can be made for the unknown value at the prediction
location.

3D Analyst has two neighborhood types, fixed and variable.
Fixed search radius

A fixed search radius requires a distance and a minimum number
of points. The distance dictates the radius of the circle of the
neighborhood (in map units). The distance of the radius is
constant, so for each interpolated cell, the radius of the circle
used to find input points is the same. The minimum number of
points indicates the minimum number of measured points to use
within the neighborhood. All the measured points that fall within
the radius will be used in the calculation of each interpolated cell.
When there are fewer measured points in the neighborhood than
the specified minimum, the search radius will increase until it can
encompass the minimum number of points. The specified fixed
search radius will be used for each interpolated cell (cell center)
in the study area, thus if your measured points are not spread out
equally (which they rarely are), there likely will be a different
number of measured points used in the different neighborhoods
for the various predictions.

Variable search radius

With a variable search radius, the number of points used in
calculating the value of the interpolated cell is specified, which
makes the radius distance vary for each interpolated cell,
depending on how far it has to search around each interpolated
cell to reach the specified number of input points. Thus, some
neighborhoods can be small and others can be large depending on
the density of the measured points near the interpolated cell. You
can also specify a maximum distance (in map units) that the
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search radius cannot exceed. If the radius for a particular
neighborhood reaches the maximum radius before obtaining the
specified number of points, the prediction for that location will
be performed on the number of measured points within the
maximum radius.

Kriging methods

3D Analyst provides two kriging methods, Ordinary and
Universal Kriging.

Ordinary Kriging

Ordinary Kriging is the most general and widely used of the
kriging methods. It assumes the constant mean is unknown. This
is a reasonable assumption unless there is some scientific reason
to reject this assumption.

Universal Kriging

Universal Kriging assumes that there is an overriding trend in the
data (i.e., a prevailing wind) and it can be modeled by a
deterministic function, a polynomial. This polynomial is
subtracted from the original measured points, and the
autocorrelation is modeled from the random errors. Once the
model is fit to the random errors, before making a prediction, the
polynomial is added back to the predictions to give you
meaningful results. Universal Kriging should only be used when
you know there is a trend in your data and you can give a
scientific justification to describe it.
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Interpolating a
raster surface

You can create a new raster
surface from input point data
using four different interpolation
methods. Each method has
parameters that you can modify
to create a raster that suits your
needs.

What is the power?

The power is the exponent of the
distance used in IDW interpola-
tion. Higher numbers result in a
lower influence of distant points on
each processing cell. Lower
numbers result in more smoothing
of the surface. Reasonable power
values range between 0.5 and 3.

What is a variable radius?

A variable radius interpolation
uses the closest n points that it
finds within the maximum distance
of the output cell as input. In
contrast, a fixed radius uses all of
the points within the specified
distance.

Tip

What are barriers?

A feature class of linear features,
such as faults or cliffs, can be used
to limit the search for input points

for the interpolation of each output
cell.
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Interpolating using
Inverse Distance
Weighted with a variable
search radius

1. Click 3D Analyst, point to
Interpolate To Raster, and
click Inverse Distance
Weighted.

2. Click the dropdown arrow and
choose the input point data
source.

3. Click the field that contains
the attribute data that you
want to interpolate.

4. Type the power.

5. Click the dropdown arrow and
click Variable.

6. Type the number of points to
use as input from within the
maximum distance.

7. Type the maximum distance
to search for points to use in
the interpolation.

8. Optionally, check the box and
select or navigate to a feature
class to use as barriers to
interpolation.

9. Type a cell size for the output
raster.

10.Optionally, type a name for
the Output raster. If you do
not, the raster will be tempo-
rary.

11. Click OK.
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What is the Minimum

Count?

A fixed radius interpolation uses
all of the points within the
specified distance. If no points are
found within the search radius, the
search radius will increase for the
cell until the specified minimum
number of points is found.
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Interpolating using
Inverse Distance
Weighted with a fixed
search radius

1. Click 3D Analyst, point to
Interpolate To Raster, and
click Inverse Distance
Weighted.

2. Click the dropdown arrow and
choose the input point data
source.

3. Click the dropdown arrow and
choose the field that contains
the attribute data that you
want to interpolate.

4. Type the power.

5. Click the dropdown arrow and
click Fixed.

6. Type the distance within
which to search for input
points.

7. Type the minimum number of
points that must be included
in the interpolation for a cell.

8. Optionally, check the box and
select or navigate to a feature
class to use as barriers to
interpolation.

9. Type a cell size for the output
raster.

10.Optionally, type a name for
the Output raster. If you do
not, the raster will be tempo-
rary.

11. Click OK.
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Cancel |
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What is a Tension spline?

A spline interpolation is a method
of fitting a surface to a set of
points. Think of the surface as a
thin plate of slightly elastic
material deformed to fit the points.
In a Tension spline, you can
control the elasticity of the surface.

What is the weight value?
The weight value in a Tension
spline adjusts the elasticity of the
surface. A weight of 0 results in a
basic thin-plate spline interpola-
tion. Larger values increase the
elasticity of the surface. Typical
weight values are 0, 1, 5, and 10.

What is the number of
points?

The number of points controls the
average number of points to be
contained in each region used in
computing the surface. The regions
are rectangles of equal size, and
the number of regions is deter-
mined by dividing the total number
of input points by the number of
points. When the data is not
uniformly distributed, the actual
number of points in a region may
be different from the number of
points. If the number of points in a
region is less than eight, the region
is expanded until it contains eight
points.
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Interpolating using a
Tension spline

1. Click 3D Analyst, point to
Interpolate To Raster, and
click Spline.

2. Click the dropdown arrow and
choose the input point data
source.

3. Click the dropdown arrow and
choose the field that contains
the attribute data that you
want to interpolate.

4. Click the dropdown arrow and
click Tension.

5. Type a weight.

6. Type the minimum number of
points that must be included
in the interpolation for a cell.

7. Type a cell size for the output
raster.

8. Optionally, type a name for
the Output raster. If you do
not, the raster will be tempo-
rary.

9. Click OK.
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What is a Regularized
spline?

A Regularized spline lets you
control the smoothness of the
surface. Regularized splines are
useful if you will need to calculate
the second derivative of the
interpolated surface.

What is the weight?

The weight value in a Regularized
spline adjusts the smoothness of
the surface. The weight specifies
the weight (tau) attached to the
third derivative term, used in
minimizing the curvature of the
surface. Larger values result in
smoother surfaces and smooth
first-derivative (slope) surfaces.
Talues between 0 and 0.5 are
suitable.

What is the number of
points?

The number of points controls the
average number of points con-
tained in each region used in
computing the surface. The regions
are rectangles of equal size; the
number of regions is determined by
dividing the total number of input
points by the number of points.
When the data is not uniformly
distributed, the actual number of
points in a region may be different
from the number of points. If the
number of points in a region is less
than eight, the region is expanded
until it contains eight points.
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Interpolating using a
Regularized spline

1. Click 3D Analyst, point to
Interpolate To Raster, and
click Spline.

2. Click the dropdown arrow and
choose the input point data
source.

3. Click the dropdown arrow and
choose the field that contains
the attribute data that you
want to interpolate.

4. Click the dropdown arrow and
click Regularized.

5. Type a weight.

6. Type the minimum number of
points that must be included
in the interpolation for a cell.

7. Type a cell size for the output
raster.

8. Optionally, type a name for
the Output raster. If you do
not, the raster will be tempo-
rary.

9. Click OK.
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Kriging
interpolation

There are two kriging methods,
Ordinary and Universal.

Ordinary Kriging 1s the most
general and widely used of the
kriging methods and is the
default. It assumes the constant
mean is unknown. Universal
Kriging should only be used
when you know there is a trend
in your data and you can give a
scientific justification to describe
1t

By using a variable search radius,
you can specify the number of
points to use in calculating the
value of the interpolated cell.
This makes the search radius
variable for each interpolated
cell, depending on how far it has
to stretch to reach the specified
number of input points.

Specifying a maximum distance
limits the potential size of the
radius of the circle. If the number
of points 1s not reached before
the maximum distance of the
radius is reached, fewer points
will be used in the calculation of
the interpolated cell. »
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Creating a surface using
Kriging interpolation with
a variable radius

1. Click the 3D Analyst
dropdown arrow, point to
Interpolate To Raster, and
click Kriging.

2. Click the dropdown arrow and
click the Input points dataset.

3. Click the Z value field
dropdown arrow and click the
field you wish to use.

4. Click the Kriging method you
wish to use.

5. Click the Semivariogram
model dropdown arrow and
click the model you wish to
use.

6. Click the Search radius type
dropdown arrow and click
Variable.

7. Optionally, change the default
Number of points.

8. Optionally, specify a Maxi-
mum distance.

9. Optionally, change the default
Output cell size.

10.Optionally, click Create
Prediction of standard error.

11. Specify a name for the
output(s) or leave the default
to create a temporary dataset
in your working directory.

12.Click OK.

J|3D Analyst ¥ | LLayer |

CreateModiy TN » |

Interpolate to Raster

Inverze Distance Weighted. ..

Surface Analysis » Spline...
Fieclazsify...

Cotveert » Matural Meighbars. ..
Ophions. ..

Input poirts:
Z valug field:
Kriging method

Semivariogram model:

Search radius type:

sample_points qu

[0zonE i
& Ordinary © Universal  —
ISphencaI LI._
Advanced Parameters. . |
IVanahIE j_

Search Fadiuz Setting:
Mumber af paints:

Maimum distance:

I 12
I 1000

Output cell size:
™ Create Prediction of standard eror:

Litput raster:

Tol7edEl_ |
<Tempararys @l
<Tempararys> _T

oK I

Cancel |
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With a Fixed radius, the radius of
the circle used to find input
points is the same for each
interpolated cell. The default
radius is five times the cell size
of the output grid. By specitfying
a minimum number of points,
you can ensure that within the
fixed radius, at least a minimum
number of input points will be
used in the calculation of each
interpolated cell.

Deciding on the radius or
the number of points

Use the measure tool on the Tools
toolbar to measure distance
between points to get an idea of
the radius and number of points to
use.

Changing the lag size,

major range, partial sill,

and nugget

Click Advanced Parameters on the
Kriging dialog to modify these
paramelters.
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Creating a surface using
Kriging interpolation with
a fixed radius

1. Click the 3D Analyst
dropdown arrow, point to
Interpolate To Raster, and
click Kriging.

2. Click the dropdown arrow and
click the Input points dataset.

3. Click the Z value field
dropdown arrow and click the
field you wish to use.

4. Click the Kriging method you
wish to use.

5. Click the Semivariogram
model dropdown arrow and
click the model you wish to
use.

6. Click the Search radius type
dropdown arrow and click
Fixed.

7. Optionally, change the default
Distance for the search radius
setting.

8. Optionally, change the
Minimum number of points.

9. Optionally, change the default
Output cell size.

10.Optionally, click Create
Prediction of standard error.

11. Specify a name for the
output(s) or leave the default
to create a temporary dataset
in your working directory.

12.Click OK.

“30 Analyst ¥ | LLapers |

Create/Modiy TIN b |

Interpalate to Raster  »

Surface Analysiz 3

Spline...

Feclazzify...

Inverze Distance Weighted...

Caorvert »

Matural Meighbars. ..

Options...

2

Input points: W EI
Z value field: [ozone L].__e
Kriging methad: & Ordinary = Universal ——o
Semivariogram mode| I Spherical j__e

Advanced Parameters |
Search radius type: IFixed j—_e

Search Radius Setting

Distance: 958399312 0
Finirurn nurnber of points: |—12 0
Output cell size: | 191793562 —_e

™ Create Prediction of standard error: W ﬁl
utput ragter: |<Temporaw> EI _m

’TI Cancel |
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Tp
What is a Natural
Neighbors interpolation?
A Natural Neighbors interpolation
combines some TIN functionality
with the raster interpolation
process. The raster surface is
interpolated using the input data
points that are natural neighbors

of the cell.

The interpolation method first
creates a Delauney Triangulation
of the input points (part of the TIN
creation process); the points are
nodes in a triangulation that
follows the rule that a circle
around each triangle can contain
no other nodes. This means that,
collectively, the triangles are
constrained to be as close to
equilateral triangles as possible.

For each data point, the natural
neighbors are the minimum
number of nodes in the triangula-
tion that connect to form a convex
hull around the point.

The weight of each neighbor point
is determined through the use of a
Thiessen/l'oroni technique that
evaluates its area of influence.

CREATING SURFACE MODELS

Interpolating using
Natural Neighbors

1. Click 3D Analyst, point to
Interpolate To Raster, and
click Natural Neighbors.

2. Click the dropdown arrow and
choose the Input points data
source.

3. Click the dropdown arrow and
click the height source.

4. Type a cell size for the output
raster.

Type a name for the Output.
6. Click OK.

“30 Ayt > | LLapers | | e

Create/Modiy TIN b |

Irverze Distance Weighted...

Surface Analysis » Splire...
Feclazzify... Kriging. ..

Carwert Matural Meighbars. ..
Options... |

Hatural Heighbor Interpolation EER

Creates a raster surface through uze of natural neighbor interpolation on an
input paint dataset.

Input points:  [S0ILSAMP hd =
Height source: IUHGANIC_M ;i
Cell size: |2.42 Fows: 249 Colurnng: 97

Olutput raster: IF: hinterpalation\ ORG__MM

K. I Cancel |
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Saving all rasters
in a specified
location

You can specify a folder where
3D Analyst will save output
temporary rasters. Temporary
rasters are automatically deleted
when you exit the application
where they were created, unless
you save a layer file, scene, or
map document that refers to the
raster.

There are two ways to specify
where your analysis results
should go. The first way is to
specify a location on disk for
your results using the Analysis
Options dialog box before you
perform any analysis. This way
all your analysis results will go to
this directory. The second way is
to specify a location on disk each
time you perform analysis in each
of the function dialog boxes.
This 1s useful if you want to sort
your analysis results into
different folders.

By default, temporary rasters are
saved to your system’s temporary
directory, usually C:\temp.

66

. Click 3D Analyst and click

Options.

2. Click the General tab.
. Type the name of the new

working directory.
Alternatively, you can browse

to your new working directory.
. Click OK.

J|3D Analyst ¥ | LLayer: |

" Creste/Madiy TN »

Interpolate to Razter

Surface Analysiz »
Fieclazsify...
Carrvert »

DOptions

General | Extert | Cal Size |

Working directony:

citemph =l
1=
=l =

Analyziz Coordinate Syztem

Analyziz mask:

(' Analysis output will be saved in the same coordinate
system as the input [or first raster input if there are
multiple inputs].

 Analysis autput will be saved in the same coordinate
systemn as the active data frame

¥ Display warning message if raster inputs have to be
projected during analyzis operation

ok I Cancel |

o

Using 3D ANALYST



Setting an
analysis mask

An analysis mask 1s a raster that
allows an analysis operation to
be performed only on certain
cells of interest in another raster.
It contains selected cells that are
of interest for future processing
and other cells that are to be
masked out. The masked-out
cells should have a value of
“nodata”.

Setting an analysis mask means
that processing will only occur
on selected cells and that all
other cells will be assigned
values of NoData.

Setting an analysis mask is a two-
step process:

The analysis mask must first be
created using the Reclassify
dialog. See the section on
reclassifying rasters for more
information about creating an
analysis mask.

The analysis mask must then be
specified in the General tab of
the Analysis Options dialog box
in order for it to be used in all
subsequent analysis.

Analysis masks will work on the
output of the surface analysis
tools in 3D Analyst.

CREATING SURFACE MODELS

Click 3D Analyst and click
Options.

Click the General tab.

Browse to the raster that will
be the analysis mask.

Click OK.

J|3D Analyst ¥ | LLayer |

C CieateModip TN »

Interpolate to Raster

Surface Analysiz 3
Fieclazsify. ..
Careeert »

2

Options HE

General | Extantl Cell Size I

‘wiorking directary: Ie:\temp\

% @

Analysis magk: IE|Evali0n -

Analysis Coordinate System

% Analpsis output will be saved in the same coordinate
system az the input (or first raster input if there are
mltiple inputs]

= Analysiz output will be saved in the same coordinate
sypstem as the active data frame.

¥ Display waming message if raster inputs have to be
prajected during analysis operation.

arK I Cancel |
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Setting the
coordinate
system for your
analysis results

Rasters with different coordinate
systems can be projected on the
fly into a single data frame with a
given coordinate system for
display and analysis in ArcMap.
When you have rasters in more
than one coordinate system in
your scene or map, you need to
specify the coordinate system for
the output of the analysis tools.
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1. Click 3D Analyst and click
Options.

Click the General tab.

3. Click the Analysis Coordinate
System option you wish to
use to save your analysis
results into either the coordi-
nate system of the input
raster or the coordinate
system of the data frame.

4. Click OK.

J|3D Analyst ¥ | LLayer: |

" Creste/Madiy TN »

Interpolate to Razter

Surface Analysiz »
Fieclazsify...
Carrvert »

General | Extentl Cel Sizel

ehtemph EI
elevation - l EI

“Working directony

Analysis mask:

Analysis Coordinate System

& Analysis output will be saved in the same coordinate
systemn as the input [or first raster input if there are

mltiple inputs).

 fnalysis output will be saved in the same coordinate
system as the active data frame.

¥ Display waming message if raster inputs have to be
projected during analysis operation.

0k I Cancel |
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Setting the output
extent

The extent of a layer is the X, y
coordinates for the bottom left
and the top right corners.

You can control how the output
raster extent is determined for the
Interpolation and Analysis tools.
By default, the output extent is
the same as the input dataset’s
extent.

You may only wish to perform
analysis on the area visible in the
map (‘Same As Display”), or you
may wish to make the extent the
same as another layer in the table
of contents (‘Same As Layer’).
Alternatively, you can specity a
custom extent (‘As Specified
Below?).

Setting the Snap extent
Setting the Snap extent to a
specific grid will snap all layers to
the cell registration of the specified
grid. All layers will share the
lower left corner and cell size of
the specified grid. Use this to
resample layers to the same
registration and cell size in order
to perform analysis.

CREATING SURFACE MODELS

Specifying an extent for
analysis results

1. Click 3D Analyst and click
Options.

2. Click the Extent tab.

3. Click the Analysis extent
dropdown arrow and choose
an option to specify the
extent for all subsequent
analysis results.

4. Click OK.

J|3D Analyst ¥ | LLayer |

Y

C CreateModip TIN »

Interpolate to Raster  »

Surface Analysiz 3
Fieclazsify...
Correert »

Options...

General  Extent | Cell Size I

Same az Display

i 232931 653

Let | 465054, 455
Bottom: 20E762.853

Analysis extent:

Shap extent ta:

Fiight: 500705 65

I elevation 'l [

=

0 I

Cancel |
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Setting the output Setting the cell size | [30 et = | Laver | | ‘

i 1. Click 3D Analyst and click  DreseModiy TH

Ce” Slze Options. Interpolate to Razter
- g Surface Analysiz »

Yf)u can cogtrol the default size 2. Click the Cell Size tab. :
of the cells in your output rasters. ) Recassily. .
By default, the output cell size is 3. Click the dropdown arrow and Canvert >
the same as the input datasets cell choose_ the method Of_ Ontions
size. You can change the output determining the cell size. —

cell size to be the cell size of a 4. Optionally, type the number of

dataset in the current scene or map units to define the cell

map or a cell size that you define. size. 2
Exercise caution when specifying 5. Optionally, type the number of

a cell size finer than the input rows and the number of

grid(s). No new data is created; columns to define a cell size. General | Extent CellSize |

cells are interpolated using . ;
: : . Click OK. Analysis cell size: 5 Layer "landuse” 7|~ ]
nearest—nelghbor resamphng e 6. Click O nalysiz cell size: I ame as Layer “landuze" ¥| 2

result 1s as precise as the coarsest Cell size: |—25
input.
Murmber of raws: I 320 I

Nurbercfcoams. [ 98 |

Overriding the default cell
size

Even if you 've set a particular cell
size on the Options dialog, you can
override the cell size for a
particular analysis tool by setting

the cell size on the tool. 0k I Cancel
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Creating TIN surfaces from vector data

TINs are usually created from a combination of vector data
sources. You can use point, line, and polygon features as input
data for a TIN. Some of these input features should have
z-values, though not all of the features need z-values. The input
features to a TIN may also contain integer attribute values that
are preserved in the resulting TIN features. These may be used to
indicate the relative accuracy of different input data or to identify
features such as roads or lakes.

Building a TIN

You can create a TIN all at once from one or more kinds of input
data, you can create it in stages, or you can add data to refine an
existing TIN. TINs are made from mass points, breaklines, and
polygons. Mass points are point height measurements; they
become nodes in the network. Mass points are the primary input
into a TIN; they determine the overall shape of the surface.
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Mass points, categorized by height attribute

CREATING SURFACE MODELS

TINs allow you to model heterogeneous surfaces efficiently by
including more mass points in areas where the surface is highly
variable and fewer in places where the surface is less variable.

Breaklines are lines with or without height measurements. They
become sequences of one or more triangle edges.

(e ‘“&:"“E}J\K
o)

s

Breaklines

Breaklines typically represent either natural features such as
ridgelines or streams or built features such as roadways. There
are two kinds of breaklines: hard and soft.

Hard breaklines represent a discontinuity in the slope of the
surface. Streams and road cuts could be included in a TIN as hard
breaklines. Hard breaklines capture abrupt changes in a surface
and improve the display and analysis of TINSs.

Soft breaklines let you add edges to a TIN to capture linear
features that do not alter the local slope of a surface. Study area
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boundaries could be included in a TIN as soft breaklines to
capture their position, without affecting the shape of the surface.

Polygons represent surface features with area—such as lakes—or
boundaries (also called hulls) of separately interpolated areas.

Clip polygon

Hulls could define the shores of individual islands in an
archipelago, or the boundary of a study area.

There are four polygon surface feature types: clip polygons, erase
polygons, replace polygons, and fill polygons.

Clip polygons define a boundary for interpolation. Input data that
falls outside of the clip polygon is excluded from the
interpolation and analysis operations—for example, contouring
or volume calculations.

Erase polygons define a boundary for interpolation. Input data
that falls within the erase polygon is excluded from the
interpolation and analysis operations—for example, contouring
or volume calculations.
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Replace polygons set the boundary and all interior heights to the
same value. A replace polygon could be used to model a lake or
an area on a slope excavated to a level surface.

Fill polygons assign an integer attribute value to all triangles that
fall within the fill polygon. The surface height is unaffected, and
no clipping or erasing takes place.

The graphic on the left shows a TIN created from mass points; the graphic
on the right shows a TIN of the same area created from mass points and
breaklines.

Polygon features are integrated into the triangulation as closed
sequences of three or more triangle edges.

Including breaklines and polygons in a TIN gives you more
control over the shape of the TIN surface.

To get a sense of the difference that breaklines can make in a
TIN, compare the surface created from mass points alone to the
surface created from mass points and breaklines.
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Building a TIN

TINs are often created from a
group of vector data sources. You
can use point, line, and polygon
features as input data for a TIN.
Some of these input features
should have z-values, though not
all of the features need z-values.

You can create a new TIN in
ArcMap or ArcScene. You can
use features that are in the map
or scene, or you can navigate to
feature classes that aren’t on the
map to include them in a TIN.

CREATING SURFACE MODELS

Creating a TIN

1.

N

Click 3D Analyst, point to
Create/Modify TIN, and click
Create TIN From Features.

Check the features that you
want to use in building your
TIN.

You can use the browse
button beside the Layers list
to navigate to other feature
classes to include in the TIN.

Click the dropdown arrow and
choose the Height Source
field.

You can choose shape
geometry if the features have
3D geometry.

Click the dropdown arrow and
choose how the features
should be incorporated into
the TIN—as mass points,
breaklines, or polygons.

Optionally, click the dropdown
arrow and choose the Tag
Value Field, if you wish to tag
the TIN features with a value
from the input features.

Repeat steps 2 through 5 for
each input feature class.

Type a name for the TIN.
Click OK.

e W g Settings for zelected laper
brklines Feature type; 20 points
perim Height source ISF'EIT j
Triangulate as: W
Tag walue field

“3D Analyst ¥ | LLayers |

Create/Madify TIN

Interpolate to Raster

Surface Analysiz

Reclazszify...

Carwert »

Options...

Create TIN From Features

~ Inpul

Check the laper(s] that will be used ta create the TIN. Click a laper's name to specify
itz zettings.

Layers:

Output TIN ID \SurfacetMyTIN | g

[ ok | caca |
o o

®00
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Adding the selected
features to a TIN

You can add features to refine a
TIN that has already been created,
rather than re-creating the TIN
from scratch. If a feature class has
some features selected, only those
features will be included in the
TIN.
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Adding features to a TIN

1.

Click 3D Analyst, point to
Create/Modify TIN, and click
Add Features To TIN.

. Check the features that you

want to add to the TIN.

You can use the browse
button beside the Layers list
to navigate to other feature
classes to include in the TIN.

. Click the dropdown arrow and

choose the Height Source
field.

You can choose shape
geometry if the features have
3D geometry.

. Select how the features

should be incorporated into
the TIN—as mass points,
breaklines, or polygons.

. Optionally, click the dropdown

arrow and choose the Tag
Value Field if you wish to tag
the TIN features with a value
from the input features.

. Repeat steps 2 through 5 for

each input feature class.

. Click OK.

J |3D Analyst = | Layer: IM.'H“N

Create/Modiy TN » Create TIMN From Features...
Interpolate to Raster ¢

Surface Analyziz 3
Fieclazsify...

Convwert »
Optiohz...

Add Features to TIN

—Inpul

Input TIN: [MyTIN

to specify its zettings.

Layers:

D massprtz @l
O perim

Check the layer(s) whase features are to be added to the TIN. Click alayer's name

Settings for selected laper
Feature type:
Height source:

Triangulate a3

Tag value field: | <rones 'I

-2

D lines

|ELEwanon 7]

hard line: I

©00

¥ Save changes into the input TIN specified above.

" Save changes into a new output TIM

Output TIM: -4 Surfacektin
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o
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Creating a TIN
from a raster

You can convert a raster surface
to a TIN for use in surface
modeling or to simplify the
surface model for visualization.
Converting to a TIN can also
allow you to enhance your
surface model by adding features
such as streams and roads that
are not represented in the
original raster.

When you convert a raster to a
TIN, you need to specity the
vertical accuracy of the output
TIN with respect to the original
raster. 3D Analyst will select the
subset of points needed to
achieve this level of accuracy.

What is the vertical
accuracy?

The vertical accuracy is the
maximum number of units that the
TIN surface may differ from the
cell center heights of the input
raster. Specifying a low number
results in a TIN that preserves
more of the detail of the raster
surface. A higher number will
result in a more generalized
representation of the surface.

CREATING SURFACE MODELS

Converting a raster to a
TIN

1. Click 3D Analyst, point to
Convert, and click Raster To
TIN.

2. Click the dropdown arrow and
click the raster that you want
to convert to a TIN.

3. Type a vertical accuracy for
the TIN.

4. Optionally, check the box to
limit the number of points
added to the TIN in pursuit of
accuracy.

5. Optionally, type the maximum
number of points to add to
the TIN in pursuit of accuracy.

6. Type a name for the Output
TIN.

7. Click OK.

¢’ 15 oy Guit after the following number of points have been added to the
TIM if the desired accuracy iz till nat achieved:

J|3D Analyst ¥ | Layer: Ielevgrd j B ‘
Create/Modify TIN p

Interpolate to Raster

Surface Analysis »

Feclazsify. .

Features to 30

Options... Fiazter to Features...

TIM to Raster...
TIM to Features...

Convert Raster to TIN

Converts a raster o a TIM by adding cell centers from the input rastér as
points untl the desired vertical accuracy iz achieved.

Input raster: Ielevgrd ﬂ g
—Acouracy
Z tolerance: |1 48.78 Z urits

The z tolerance contralz the vertical accuracy of resuling TIM. The
clozer the tolerance iz to O [maximum accuracy), the more paintz will be
i1 the TIM.

I‘I 000aoo

[F-utins\yTIN =

il I Cancel |

Output TIM:

(6]
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Creating a raster
from a TIN

You can convert a TIN to a raster
to use in surface modeling or to
extract slope or aspect informa-
tion from the TIN.

What is the Z factor?
The Z factor is used to convert the

z units to the same scale as the x
and y units, if they are different.

76

Convertinga TIN to a
raster

1. Click 3D Analyst, point to
Convert, and click TIN To
Raster.

2. Click the dropdown arrow and
click the TIN that you want to
convert to a raster.

3. Click the attribute dropdown
arrow and click the attribute
of the TIN that you want to
save as a raster.

You can choose from eleva-
tion, aspect, slope in percent-
age, and slope in degrees.
The TIN must have already
been symbolized by the
attribute in your scene or
map.

4. Optionally, set a Z factor.

5. Optionally, type the cell size
for the raster.

6. Type a name for the Output
raster.

7. Click OK.

J|3D Analyst | Layer [tin1

Create/todify TIN 3
Interpolate to Raster

Surface Analyziz 3

Fieclazsify...

Features to 300

Faster to Features...

Optionz...

Raster to TIM...

TIM to Features...

Convert TIN to Raster

Coreeerts a TIM to a raster of elevation, glope, or azpect.

Input TIM: Itin‘l ﬂ g

Attribute: I Elervation Li e
£ fachon W o
Cell size: IBSB— Rows: 218 Columns: 250

Clutput raster: |D:'\ra tershmyraster

Ok

| Cancel |
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IN THIS CHAPTER

ArcCatalog basics
» Previewing 3D data

» Displaying 2D data in 3D

Starting ArcScene from
ArcCatalog

» Creating a new 3D feature class

ArcCatalog allows you to manage your 3D data in the same way that you
manage all of your other GIS data. You can use ArcCatalog to organize your
work—copy. paste, move, and delete 3D data in the Catalog tree using drag
and drop, commands, or shortcut keys. You can use the Preview tab to see a
planimetric preview of your 3D data with the Geography option or preview it
in 3D using the 3D View option. You can create 3D layers of 3D and 2D data,
and assign 3D viewing properties—for example, you can set the base heights
and extrusion expressions for features with z-values stored in an attribute.
You can also control how a 3D layer is rendered during scene navigation, and
you can specify whether or not features are shaded based on their position
relative to a light source. In addition, you can create metadata, including
perspective view thumbnail graphics, for your data.
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ArcCatalog basics

ArcCatalog lets you organize your data in an expandable tree
view. You can view the selected item in the Catalog tree in

different ways, using the tabbed view area to the right of the tree.

The Contents tab lets you see the contents of an item in the tree.
The Preview tab lets you see the data contained in the selected

item. The Metadata tab lets you see the selected item’s metadata.

X

|| Contents | F'reviewl Metadatal

) Catalog -
B- @ F:430 Data: N.ame I Type :I
" anstruction erzonal heodatabaze
City data P Construct Persanal Geodatab
- Caonstruchion zcontours Coverage
L brkling B biklinz Shapefile
-{%] masspntz Cavesurvey Shapefilz
p
B perim ) deathval R aster D atazet

G zcontours globe Shapefile —
- arc B masspnitz Shapefile

2 pErim Shapetilz -
L I . A e .
_I_T _I_I < | _'I_I

Catalog tree and contents of a folder connection

Browsing the Catalog’s contents

When you select items—for example, folders, databases, or
feature datsets—in the Catalog tree, the Contents tab lists the
contents of each item. You can expand items that contain other
items (for example, folders) and see their contents in the tree as
well. Items such as scene documents, maps, layers, and tables
don’t contain other items; when you select them in the Catalog
tree, the Contents shows the name and type of the object and a
thumbnail if one has been created.

You can display the Contents list in several ways. To change its
appearance, use buttons on the Standard toolbar.
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Use the Contents tab and the Catalog tree to browse and manage
your data.

Previewing data

Often, viewing your data in the Contents tab shows you all you
need to find the right data for a scene or map. Sometimes,
though, you need more information. You can explore your data in
the Preview tab. As with the Contents tab, you can control how
you preview data.
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You can draw geographic data with the Geography view. You can
also examine the attributes of feature data or the contents of any
other table with the Table view. Use the dropdown list at the
bottom of the Preview tab to choose how you want to preview
your data.

Corterts  Preview | Metadata

Contents  Preview I Metadatal
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Geography and table previews—the Z in the Shape field indicates a
geometry that contains z-values.

3D Analyst also gives you another way to preview your data—the
3D View preview—and a new toolbar that you can add to
ArcCatalog to navigate the 3D preview.

Conlents  Preview |Meladata|

Frevigw: a0 View 'l

3D View preview
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[ aeaqarazm@ 08 a

This set of tools enables you to navigate around your data in 3D,
query the features in your data, and create perspective view
thumbnail snapshots of your data.

Using metadata

Before you decide to use a data source in a map, you may want to
learn more about it. Metadata is background information that lets
you make better decisions about what data to use and how to use
it. You can view metadata in ArcCatalog using the Metadata tab.

Metadata usually contains documentary information about why
the data was created, who created it, and how accurate the data is.

Contents | Preview Metadata |

Forest Stands

ArcInfo Coverage

Spatial | Attributes

Keywords
Theme: forest, timber, logging, habitat
Place: slaska, USa, Tongass, Pacific j

Metadata view

This kind of information can be edited using a metadata editor in
ArcCatalog. Metadata also contains information about the
properties of the data—for example, the attributes stored for

79



features or the coordinate system of the data. ArcCatalog
automatically maintains this information for you.

You can change the way you view an item’s metadata by

choosing a different stylesheet from the dropdown list on the

Metadata toolbar.

J Styleshest: |FGDE Fisl

=HEEEEE

Eontentsl Preview Metadata |

Name & location | Geography | Date  Advanced |

- Define additional search criteria

Fropely Condilon Value
Full Test =] [inchides the word =] [elevation |

Full Text includes the word elevation

I Match case Dt Delete Al

Stop,
MNew Search

Save as

My Search

Forest Stands

Frequently-asked questions:

o What does this data set describe?

dold b2

-h

How should this data set be cited?
TWhat geographic area does the data set cover?
TWhat does it look like?

Dioes the data set describe condibions dunng a particular time

petiod?
“What 15 the seneral form of this data set?

How does the data set represent geographic features?

[

Metadata viewed with the FGDC FAQ stylesheet

You can also use the ArcCatalog Search tool to search for data

based on information in the metadata.

The Search tool dialog box contains four tabs that allow you to
search for data that satisfies various conditions.

| o |com| BB X

n  o-o-
g Rt

B AD e
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Search

|

Search for data with metadata containing the word “elevation”.

When you’ve found the data you want to use, ArcCatalog lets you
drag it directly onto a map or scene document or create a layer
that specifies how the data should be symbolized and rendered in

2D or 3D.
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Previewing 3D
data

When the selected item in the
Catalog tree contains geographic
data, you can preview that data
without having to create a map or
3D Scene. For a planimetric view
of your data, choose Geography
from the Preview dropdown list
on the Preview tab. For a
perspective view, choose 3D
View.

The 3D View tools allow you to
navigate around your data in 3D.
Some of these tools are like tools
that you use in ArcMap and
ArcCatalog to pan and zoom in
2D. Other tools are specialized
for 3D perspective viewing.

You use the same tools for
navigating in ArcScene. »

Why does my data look flat
in 3D View preview?

TINs and feature classes with
z-values embedded in their
geometry—jfor example, PointZ,
PolyLineZ, PolygonZ, and
Multipatch shapes—will be
automatically rendered in 3D when
you select 3D View. Rasters and

2D feature classes will be rendered

as though they rest on a flat
surface. You can create layers that

specify 3D rendering properties for

all types of data, and the layers
will be rendered in 3D.

MaANAGING 3D DATA

Navigating in 3D

1. Click the Navigate button on
the 3D View toolbar.

The Navigate tool allows you
to rotate the data in 3D, to
zoom in and out, and to pan
the data.

2. Click on the data and drag it
to the right.

When you click on the data
and drag to the right, you
rotate the data counterclock-
wise around the z-axis.

3. Right-click on the 3D data
and drag down.

When you right-click on the
data and drag down you
zoom in to the data. »
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The Navigate tool combines the
functions of several of the other
tools.

Clicking the left, right, and
center mouse buttons and
dragging up, down, left, or right
lets you rotate the 3D view, zoom
in and out, and pan across the
View.

You can also use the 3D preview
to preview a scene document
before you open it in ArcScene.

Seeing the entire dataset

If you want to see a datasets entire
contents after zooming and
panning around it, click the Full
Extent button on the 3D TView
toolbar.
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4. Click both mouse buttons (or
the center button on a three-
button mouse) and drag the
data to the right.

Clicking both buttons and
dragging the data pans the
data.

5. Click on the data and drag
up.
Clicking and dragging the

data up lowers your viewing
position relative to the data.

6. Click the Full Extent button.

The data returns to the
original extent and view
position.
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Centering

Why change the center of
the view?

By default, the center of the view is
the center of the data. The
Navigation tool, the Zoom In and
Zoom Out tools, and the field of
view tools all change the view of
the data relative to the current
center of the view. If you want to
zoom in to see a particular area,
centering on it first will prevent it
from zooming out of your field of
view. Centering on a point also
allows you to rotate the view
around it.

Centering shortcut

You can center on a target while
using the Navigate tool. Press the
Ctrl key and click at the location
where you want to center the
scene.

MaANAGING 3D DATA

1. Click the Center on Target

tool.

2. Click the location that you

want to occupy the center of
the 3D view.
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The point you clicked is the new center of the view.
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Zooming to a target

Zooming shortcut
You can zoom to a target while

using the Navigate tool. Press the 2. Click the location that you
Ctrl key and right-click to zoom to want to zoom to.
a location.
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1. Click the Zoom to Target tool.
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Creating a 3D thumbnail

Viewing thumbnails in the
Contents tab

If you create a thumbnail image of
your data, it will be shown in the
Contents tab when you choose
Thumbnail view.

MaANAGING 3D DATA

1.

Navigate the 3D view to the
perspective that you'd like to
show in a thumbnail snap-
shot.

Click the Create Thumbnail
button.

Click the Metadata tab.
The 3D thumbnail appears.

File Edit “iew Go Tool: Help

+M ArcCatalog - F:A3D Data\sthelens

=N RN

= | B\ ‘ o I | N2 J Stleshest:  [E5R)

Lacation: IF 430 Datahsthelens

-l

ae®o0k|eacac@anod| o
| Contents Freview | Metadata |

[l Catalog =

[-{ D4City_water

-5 E\Ciy

=-{g FAID Data

(-l City_data
[+ g Construction
e - zcontaurs
-] brklinz

- E] Cavesureey
- desthval
& globe

@ mazsphtz
& perim

-G sthelens Layer
-4 ThyoidCancefiates sh

- @ zoontours Layer -
14 | | » Previgw: ISD Wiew 'I

-] 'sthelens b

Creates a thumbnail image for the selected item A

3 ArcCatalog - F:A3D Data\sthelens

File Edit Yiew Go Took Help

e Ey 0l BB X

L
et

e @K s [

Location:  [F:\3D Datatsthelenss

=

aa @0®

|
|g@e aa @iz oa]eE]

[& Cataloa =
(- DMCity_water

=@ EACiy

=1 FAI0 Dats

(1 Database Connections _'Ll
. St .

City_data
g Construction
zeontours
& bikinz
B Cavesurvey
(=-E deathval
-] globe
-] masspntz
peiim
~{i7] sthelens
&g sthelens Layer I
& ThyroidCancerRiates sh
& zeontours Laper

Contents | Previen Meladata |

sthelens
Tin

Description Spatial Attributes

The 3D thumbnail appears in the metadata.

85



Displaying 2D
data in 3D

2D data can be viewed in 3D if
you create a layer and set its 3D
viewing properties. You can
assign z-values to features based
on an attribute, a constant, or an
expression. You can also specify
a surface from which to derive
the z-values of the features.

3D Analyst adds three tabs to the
Layer Properties dialog; these
tabs allow you to modify how a
layer 1s rendered in 3D. The tabs
are called Base Heights, Extru-
sion, and Rendering. Most of the
time, if you want to create a layer
that you can preview in 3D,
you’ll set the height of the
features in the layer using the
Base Heights tab. Sometimes you
may want to extrude features up
or down from the base height—
for example, if you want to create
lines that show the depths of well
point features. You can set how
features are extruded on the
Extrusion tab. If you want to
shade features in your layer
based on a light source, you can
set that property of a layer from
the Rendering tab. This tab also
lets you fine-tune how your data
is displayed while you are
navigating.
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Creating a layer

1.

N

Right-click the data source
from which you want to create
the layer.

. Click Create Layer.
. Navigate to the folder in

which you want to save the
layer.

Type a name for the layer file.

5. Click Save.

The layer file is now an item
in the Catalog.
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Setting layer properties

Right-click the layer.

2. Click Properties.

You can use the Layer
Properties dialog to set many
properties of the layer in
addition to the 3D Base
Height, Extrusion, and
Rendering properties.
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Setting base heights
using an attribute

1.
2.

Click the Base Heights tab.

Click the option to Use a
constant value or expression
to set heights for features in
layer.

Click the Calculate button.

Double-click the field that will
provide the z-value for the
features.

You can create an expres-
sion, such as [contour] *
3.28, to set the z-values as
well.

Click OK.

Click OK on the Layer
Properties dialog box.

The 2D features are now
drawn in 3D using the
attribute that you selected as
the z-value.
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Setting base heights
using a surface

o gk w e

Click the Base Heights tab.
Click the Browse button.
Navigate to a surface.
Click the surface.

Click Add.

Click OK on the Layer
Properties dialog box.

The 2D features are now
drawn in 3D using the surface
that you selected to provide
the z-value.
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What is extrusion?

Extrusion extends features
vertically from a given base height
to the height that you specify.
Points become vertical lines, lines
become walls, and polygons
become blocks.
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Extruding features

1. Click the Extrusion tab.

2. Optionally, type a constant
height to which all features
will be extruded.

3. Optionally, click the Calculate
Extrusion Expression button.

4. Optionally, click the field that
you want to use in the
extrusion expression. You
can build complex extrusion
expressions using functions
and algebraic expressions.

5. Optionally, click Load and
browse to a previously saved
extrusion expression.

Click OK.

Click the dropdown list to
choose how you want the
extrusion expression applied.

8. Click OK.

The 2D features are now
extruded using the constant
or expression.
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Starting
ArcScene from
ArcCatalog

You can start ArcScene from
ArcCatalog by double-clicking a
scene document or by clicking
the Launch ArcScene button on
the 3D View Tools toolbar.
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Opening an existing
scene from ArcCatalog

1. Navigate to the scene that
you want to open.

You can use the Preview tab
and 3D View tools to preview
the scene before you open it.

2. Double-click the scene in the
Catalog tree.
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from ArcCatalog

1. Click the ArcScene button on
the 3D View Tools toolbar.
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Creating a new
3D feature class

You can create new empty
feature classes in ArcCatalog to
hold the 3D feature data that you
create with the 3D Analyst
geometry interpolation tools in
ArcMap. These tools will create
3D graphics by default, but you
can use them while editing a 3D
feature class to create 3D
features. For more information
about creating feature classes and
shapefiles, see Using
ArcCatalog.
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Creating an empty 3D
feature class or shapefile

1. Right-click in the location
where you want to create the
new shapefile. Point to new
and click Shapefile.

If you want to create a
geodatabase feature class,
navigate to an existing
geodatabase and click
Feature class.

2. Type a name for the new
shapefile.

3. Click the Feature Type
dropdown arrow and click the
type (geometry) of feature
that you want to create—for
example, point, polyline,
polygon.

4. Optionally, click Edit to define
the spatial reference for the
features.

5. Click the check box to
indicate that the feature
coordinates will contain
z-values.

6. Click OK.

The shapefile is created. You
can right-click it in the
Catalog tree, click Properties,
and add attributes if you want
to store attributes for the 3D
features. You do not need to
include a height attribute, as
the z-values will be stored in
the feature geometry.

wAArcCatalog - D:\3dFeatures

File Edit “iew Ho Tools Help

B2 aas

AL

A? |

B O 8%

Stylesheet:

| £
|
Location: D4 3HF eatures
| [
|
|

ﬂQ%%%Qan@EM

slea@|o|

Perzonal Geodatabaze

pe

Intermet Sen &% Digconnect Folder

=l co L
ﬁ Catalog i LAEL...
@ [ —= Group Layer
(g DN
@ D:43dFeatur
Database C ) LCopy Lt Coverage Helafionship Hass...
Geocoding ! E Faste [Ctils!

Arclnfo woark space

-
A 12

...8 Search Res dBASE Table
Hehesh INFO table..
N Coverage...
N Seach.
Properties. . | ﬂ
Creates a new shapefie G
Cieate Hew Shapefile EHE
M IMySDfaat e
Feature Type: IF'onI\na j__e
— Spatial Reference
D ezcription:
Unknown Coordinate Suystem ;I

. ’ 1
™ Show Details Edi... 1

™ Coordinates will contain M values. Used to store route data.
I Coodinates wil contain 2 values. Used tn siore 30 dafas

Cancel |

o

91






Displaying surfaces

IN THIS CHAPTER
» Displaying raster surfaces in 3D
» Displaying raster surfaces

e Symbolizing areas with unknown
values

» Displaying TIN surfaces
* Making a layer transparent

» Shading a layer

ArcScene and ArcMap give you a wide variety of ways to symbolize and
display surfaces. Because of the differences between rasters and TINs, you
have different options for symbolizing them.

You can classify the data in continuous rasters, stretch them to improve
contrast, and display categorical rasters with colors to represent their
unique values. For multiband rasters, such as satellite images and some
acrial photographs, you can display the raster as a red—green—blue (RGB)
composite or as a single-band stretched image. You can render cells with no
data and background cells in different ways.

ArcScene and ArcMap let you show the elevation of TIN surfaces or the
aspect or slope of each TIN facet. You can also show the nodes and edges
of the TIN in several different ways.

You can make all surfaces transparent and add depth and realism to a
surface by shading it based on its position relative to a light source.

93



Displaying raster
surfaces in 3D

In ArcScene, you can create 3D
representations of raster surfaces
by setting the base height from a
raster or TIN surface. You can
use this technique to visualize
terrain surfaces, show remote-
sensing images in perspective, or
create abstract visualizations of
other surface data such as
chemical concentrations or
population densities.

If you drape a raster over a raster
surface, you can change the
resolution of the base surface
(the base surface 1s usually
resampled to a lower resolution
in order to increase the drawing
speed). Click Raster Resolution
to set the resolution of the base
surface.
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Draping a raster on a
surface

1. In the table of contents, right-
click the raster layer that you
want to drape over a surface
and click Properties.

2. Click the Base Heights tab.

3. Click the button to Obtain
heights for layer from surface.

If you want to use a surface
other than the current raster
layer, either select one of the
surfaces in the scene by
clicking the dropdown arrow
or click the browse button and
navigate to another surface.

4. Click OK.

Walug
. High : 3070.230771

™ Low: 94738327

Dizplay

o

S —— DV Ly T |
=] elevard

nelall Sourcel Extenll Dlsplayl Symbology  Base Heights | Rendering

Height

" Use a constant valug or expression to set heights for layer.

|n

& fibfain Feights for (aver from stfaces

[ampeurtacestelevg

Raster Resolutian.

2 Layer festuies Have Zvaluss, Wse themfor beights.

"Z Urit Corwersion

Apply conwersion factar to place heights in same units as scene: | custom - 1.0000¢ ‘

- Offset

Add an offset using a constant o expression

|n

=l
=i
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Cancel

Apply
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Displaying raster
surfaces

You can display rasters by
grouping their values into a
number of classes, by stretching
the values to enhance contrast, or
by assigning each unique value in
the raster to a color.

How you display a raster depends
on the type of data that it
contains and what you want to
show. Some rasters have a
predefined color scheme, but for
others, ArcMap and ArcScene
will choose an appropriate
display method that you can
adjust as needed. You can change
display colors, group data values
into classes, or stretch values to
increase visual contrast. For
multiband rasters, you can
choose three bands to display
together in an RGB composite.
This drawing method often
improves your ability to distin-
guish features in multispectral
images.

Why don’t | see the option
to use unique values?

You can only draw data in integer
rasters with unique values.
Continuous data can be classified,
drawn using a stretch, or (for
multiband rasters) drawn as an
RGB composite image.

DISPLAYING SURFACES

Drawing rasters that
represent continuous
surface data with
separate classes

1. In the table of contents, right-
click the raster layer that you
want to show by grouping
values into classes and click
Properties.

Click the Symbology tab.
Click Classified.

Click the Classes dropdown
arrow and click the number of
classes you want.

5. Optionally, click Classify and

choose the classification
method you want to use.

6. Click the Color Ramp

dropdown arrow and click a
color ramp.

7. Click OK.

| Draw raster grouping walues into

i Field

classes

Walue

|<VALLIE> -
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The continuous surface is drawn with different colors for each class.
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Continuous rasters

Most rasters that represent
surfaces contain continuous
values, whether the surface values
represent elevation, temperature,
or concentration of a chemical. It
is often useful to display continu-
ous surfaces with a continuous
grayscale or color ramp. The
Stretched option maps the low and
high values in the raster to a 0—
255 intensity scale. You can
change the way that the values are
mapped by changing the type of
stretch used.
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Drawing rasters that
represent continuous
surface data with a
continuous color ramp

1. In the table of contents, right-
click the raster layer that you
want to show with a continu-
ous color ramp.

2. Click the Symbology tab.
Click Stretched.

4. Optionally, click the Color
Ramp dropdown arrow and
click a color ramp.

5. Click OK.
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General | 5 logy |
Show:
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ulce' Exlent' Digplay  Symbd
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Calor Walue Label
IHigh < 307023077

[Low - 34 738327

Coor 2o [ gl

Stretch

3070230771

94.738327
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The continuous surface is drawn with a continuous color ramp.
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Categorical rasters
Classifying remotely sensed
imagery, converting vector data to
raster, and running certain
analysis procedures can produce
rasters that contain categorical
values. In these cases, the values
may be highly discontinuous and
patchy, in comparison to the
continuous and generally smoothly
varying values of surfaces.
Categorical rasters are usually
drawn with Unique Values.

DISPLAYING SURFACES

Drawing thematic rasters
that represent unique
categories such as land
cover

1. In the table of contents, right-
click the raster layer that you
want to show using unique
categories and click Proper-
ties.

Click the Symbology tab.
Click Unique Values.

Click the Value Field
dropdown arrow and click the
field you want to map.

5. Click the Color Scheme
dropdown arrow and click a
color scheme.

If your raster has a colormap,
click Default Colors to revert
to colors specified in the
colormap.

6. Optionally, click a label and
type in a more descriptive
name.

7. Click OK.
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The categorical raster is drawn with unique colors for each value.
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What is a stretch?

A stretch increases the visual
contrast of a raster. You might
apply a stretch when your raster
appears too dark or has little
contrast. Different stretches will
produce different results in the
raster display. You can experiment
to find the best one for a particular
raster.

98

Stretching a raster to
improve the visual
contrast

1. In the table of contents, right-
click the raster layer that you
want to increase the visual
contrast of and click Proper-
ties.

2. Click the Symbology tab.
3. Click Stretched.

4. Click the Color Ramp
dropdown arrow and click a
color ramp.

5. Click the Stretch Type
dropdown arrow and click the
stretch you want to apply.

6. Optionally, click Histogram to
modify the stretch settings.

7. Optionally, if the raster
contains a background or
border around the data that
you want to hide, check
Display Background Value
and set the color to No Color.

The cells will display trans-
parently.

8. Click OK.

Properties
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The image raster is drawn with a contrast stretch.
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Why do | only see three
bands when | added a five-
band raster?

When you add a multiband raster
to a map or scene, you see an RGB
composite image made from three
of the bands. You can select which
three (or fewer) of the bands will
be drawn using the Red, Green,
and Blue color elements. By
default, the first three bands are
mapped to Red, Green, and Blue,
but you can change the band
mapping for a given image or for
all images that you add.

DISPLAYING SURFACES

Changing the band color
assignments for a
multiband raster

1. In the table of contents, right-
click the raster layer and click
Properties.

2. Click the Symbology tab.
3. Click RGB Composite.

4. Optionally, uncheck bands to
turn them off.

5. Click the Red, Green, and
Blue dropdown lists and
select the bands of the raster
that will be displayed in red,
green, and blue.

6. Click OK.

Properties

General | Source | Extent | Display  Symbology

Shows

| Draw jaster as an RGB composite

RGHE Composite:

- Band:

i Fled ILayer_d j
¥ Gieen ILayerj ﬂ
W Ble [Layer3 =l
~ Stretch
Type: IStandard Deviations ﬂ Histograms...
n: |—2 ™ lnwvert

™ Display Background Value: 0 as |~
Dizplay NoData as |-

e 1

Cancel Soply
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Tip

Changing band colors

You can quickly change the color
assignments of the bands in a
multiband raster. In the table of
contents, click the color square
(Red, Green, or Blue) and click the
band in the multiband raster that
you want to display using that
color:
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Turning bands on and off
in a multiband raster

1. Click the color square beside
the band you want to turn off.

2. Click visible to uncheck it.
The band is turned off.

|

= £F Layers
=] med_avhrrimg
RGE Composite
M Fed  Layer 1
I Green: Laver_2
| Elue: Laver 3
v Yizsible

Layer_1
Layer_2
w Layer_3
Layer_4
Layer &

Display I SourcE]

Adding a single band of a
multiband raster
1. Navigate to the raster.

2 Expand the raster to view the
individual bands.

3. Select a single band and click
Add.

The band is added as a
single-band raster.

Look in: I@med_avhn.img j EI Qlﬁlﬁ‘l £

[ ame: ILa_l,ler_2 Add
Shaw of type: IDatasets and Laypers [*yr] j Cancel |
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DISPLAYING SURFACES

Setting the default color
band assignments for
multiband rasters

1. Click Tools and click Options.
2. Click the Raster tab.

3. Click the up and down arrows
to select the bands in the
raster that will be rendered in
Red, Green, and Blue.

4. Click OK.

Tools window Help

Q Archdap

@ ArcCatalog

Macros »

LCustomize. ..

Extensions...

Applicationl Data Viewl Lapaut Viewl Tables Faster | ToC |

— Default RGE Band Combinatiorn:

3 band data source 4 or more band data source

Hed:l _,::' Red| 1=
Green:l 2_% Green:l 2_%
Eiluie: 3_:| Blue:l 3_%

— Raster Layer Pyramid Calculation
& Always prompt for pyramid calculation

= &lways build pyramids and don't prompt in the: future
" Mever build pyramids and don't prompt in the future

— Raster Format Browszing

" Search all files to find valid raster farmats [may be slow]

& Search only files that match the following file extensions to
find walid raster formats

Browse | Formnat M ame | File Extensions |:|
ESRIGRID <GRID:

ERDAS IMAGIMNE *.img

TIFF = tif

MsID *5id

JFIF [IFEG) *jpa j

Cancel Apply
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Sym boIizing Setting the NqData or 2
Background display color

areas with
1. In the table of contents, rlght- General | Souce | Extent | Display  Symbology
un kn own Val ues click the raster layer and click [ [Draw rastor 2z an RGB composits
. . Properties. m -
Sometimes rasters contain cells _ P Ea"d'_
where there is no measurement of 2. Click the Symbology tab. l: EREH :taw‘: j
. v een aper_. i
the surface. In grids these are 3. Check the box to Display Pl e o 5
usually represented as NoData Background Value. -
values. In remote-sensing images i - Stistch
there are Often triangular or 4. Optlona”yv type a Value to Type: ISlandard Deviations j Histogrars... |
linear border areas within the define the raster’s Back- LA I Invet
raster but outside the area for ground color. 7 Dispy Backgoundvake [ 5 s |
which image values were 5. Click the Background color | S ¥
recorded. These are often black selector dropdown and click a
and are called Background color (or no color). R ol
values. 6. Click the Display NoData as Lok ] cfee | oo |
You can control the way that color selector dropdown and T
areas of NoData and Background click a color (or no color). e 6 0 G
are displayed. The default is to 7. Click OK

display NoData with no color.
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Displaying TIN
surfaces

TINs are made up of triangular
facets and the nodes and edges
that make up the triangles. They
may also contain breaklines—
lines that follow sets of edges
that play important roles in
defining the shape of the
surface—such as ridgelines,
roads, or streams.

You can display one type of TIN
feature in a map or scene—for
example, just the triangles—or
all of the TIN features. You can
also symbolize each type of
feature in different ways.

DISPLAYING SURFACES

Drawing TIN faces by
elevation

1. In the table of contents, right-
click the TIN.
Click the Symbology tab.

3. Click Elevation.

Optionally, click the Color
Ramp dropdown list and click
a new color ramp.

5. Optionally, click the Classes
dropdown list and choose the
number of classes.

6. Click OK.
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The TIN is drawn with different colors for each elevation class.




104

Drawing TIN faces by
aspect

1. In the table of contents, right-
click the TIN.

Click the Symbology tab.

3. Uncheck Elevation (or any
other TIN face renderer that
is checked).

4. Click Add.

Click Face aspect with
graduated color ramp.

Click Add.
7. Click Dismiss. »

] Edge types
M| Elevation

Face elevation with graduated color ramp

Walue Field Classification————————
’V Elzvation Equal Interval

oo [ 0 I

Dlsgees: [§ v|  Classife.

Symbol [ Rangs

T Label I

[ g zzez-zom

| 156144444 1 79622022
I 1326 65667 - 1,561.44444
091.88569 - 1.326.66667
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[ |152.77rvre - 36755556
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I~ Show class breaks using feature values
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Show hillghade
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-82.000000 - 152777778

0K | Cancel Apply

Add Renderer
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iFace as b qraduated colar ramp
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Faces with the zame symbol

Mode elevation with graduated color ran
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Modes with the same symbal

] Add | Dismiss |
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DISPLAYING SURFACES

8. Click OK.

The TIN faces are rendered
with colors to indicate the
direction that they face.

Properties

Generall Suurcel Display  Syrmbology IF\e\ds I Base Helghlsl Hendeﬂngl

Show:
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Add
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The TIN is drawn with different colors for each triangle’s aspect class.
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Changing the slope of a

TIN surface

TIN triangle slope values are
calculated, not stored in the TIN. If
you change the z unit conversion
factor, the slopes of each TIN face
will be recalculated.
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Drawing TIN faces by
slope

1. In the table of contents, right-
click the TIN.

Click the Symbology tab.

3. Uncheck Aspect (or any other
TIN face renderer that is
checked).

4. Click Add.

Click Face slope with
graduated color ramp.

Click Add.
7. Click Dismiss. »

Gneral | Source | Display  Symbology | Fields | Base Heights | Rendering |

b
- T Face aspect with araduated color ramp
e types
O . Walue Field Classification—————————
’V ASDECI—‘ Manual
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Cancel Lpply

o
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Modes with the game symbaol
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_>| Add
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DISPLAYING SURFACES

8. Click the Color Ramp
dropdown list and select a
color ramp.

9. Click OK.

The TIN faces are rendered
with colors to indicate the
slope of the terrain.

Properties

Edae types
O Elevation
O aspect

Untitled - ArcScene

[Z Scene layers
B E dm_tin
Edge type
— SoftEdge
— Had Edge
Slope
[]oo0-1.64
[ 1164395
| 395686
| 6861028
[ 11028-1418
[ 11418-1878
[ 18782485
| 2455 - 358
[ 36.58 - 90.00
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] 36 57e2048 - 30

0.00-1.64
164 -395
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The TIN is drawn with graduated colors for each triangle’s slope class.
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What are tag values?

TIN nodes and triangles can be
tagged with integer values to allow
you to store additional information
about them. These integer values
can be used as lookup codes—for
example, to indicate the accuracy
of the input feature data source or
the land use type code for areas on
the surface.

The codes can be derived from
fields in the input feature classes.
You can symbolize tagged features
with unique values.
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Drawing TIN faces by tag
value

1. In the table of contents, right-
click the TIN.

Click the Symbology tab.

3. Uncheck Elevation (or any
other TIN face renderer that
is checked).

4. Click Add.

Click Face tag value grouped
with unique symbols.

Click Add.
7. Click Dismiss. »

Face elevation with graduated color ramp
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DISPLAYING SURFACES

8. Click Add All Values.

9. Click OK.

Properties
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<Heading> Face tag value 8003
[ 1] BO26
1 2]
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~ Shaw hillshade:
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Ok Cancel Apply
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[
d - ArcScene =1 3
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DS W|s e x B Q& w|
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I=? Scene layers
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Edge type
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Face tag value

Display
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The TIN is drawn with different colors for each triangle’s tag value.
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How else can | display TIN
nodes?
You can also display TIN nodes by

tag value or all nodes using the
same symbol.
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Drawing TIN nodes by
elevation

In the table of contents, right-
click the TIN.

Click the Symbology tab.

3. Uncheck Elevation (or any
other TIN face renderer that
is checked).

4. Click Add.

Click Node elevation with
graduated color ramp.

Click Add.
7. Click Dismiss. »

Face elevation with graduated color ramp

alue Field
’V Elevation

[¥] Edge tvpes
M} E levation

Classification
Equal Interval

Classes: |9 = Classify...

Color Ramp:

Symbol [ Range [ Latel

1796.222222 - 2031.000000
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1091.886889 - 1326665667
867.111111 - 1091.888889
622333333 - 857111111
387 655556 - 622 333333
152777778 - 387 555556
-62.000000 - 152.777778

[ treszeeze- 203
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I .01 88883 - 1,326 REGET
I 557111111 - 1,091 88889
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Show hillghade
F illuminati

oK I Cancel
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Add Renderer
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DISPLAYING SURFACES

8. Click the Color Ramp
dropdown list and select a
color ramp.

9. Click OK.

The TIN nodes are rendered
with colors to indicate their
elevation.

In this example, you can also
see the Soft and Hard edges,
which are on by default, if the
TIN has them.

Generall Suurcel Display  Syrmbology IF\e\ds I Base Helghlsl Fend eﬂngl
Show: |N 7 pym= Tond
ode el ion witl color ram)
Edge tppes = El _—
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’TI Cancel Apply
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Drawing TIN edges

How else can | display TIN grouped with unique
edges? symbol
YO." can also display all TIN edges 1. In the table of contents, right- Edae type arouped with unique symbol
with the same symbol, and you can ) Ca——— [
add and remove individual edge click the TIN. { Edge types {l I EmiEn -
types from the display using the 2. Click the Symbology tab.
Add Values and Remove Values . émbo‘ I:jlz;er p— I (L;b::her p— | o |
buttons. 3. Uncheck Elevation. <Heading> Edge type
4. Click Edge types. ; Eai’fgdf; ;
By default, only the type 1
and 2 (Hard and Soft) edges Add 1|
are displayed. Remove | @ |
5. Click Add All Values. Add Al Values Add Values Bemave Walies Breaklines Only
6. Click OK.

’TI Caneel 20l

® o

J File Edit Wiew Selection Took Window Help |
EEEEE LY L

[va¢eeqanun@reon
J 0 Analyst + ‘ Laer: |dim_tin =] @

I

I=# Scene layers
=
Edge type
—1a
— Soft Edge
— Hard Edge
—13

Dizplay
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Making a layer
transparent

You can make raster, TIN, and
feature layers transparent in
scenes and maps. You can use
transparent layers to visualize
data that 1s scattered above and
below a reference plane, compare
two surfaces, and show terrain
and subsurface features at the
same time.

How else can | make a

layer transparent?

In ArcMap, you can use the Adjust
Transparency tool on the Effects
toolbar to set the transparency for
a layer.

DISPLAYING SURFACES

In the table of contents, right-
click the layer and click
Properties.

Click the Display tab.

Type a value in the Transpar-
ent box.

Click OK.

Properties

Ganeral' Source' Extent Display ISymboIogyI Base Heightsl Rendering

[~ Show Map Tips [uses primary display field]
™ Display raster resolution in table of contents

™ Al interactive display for E fects toolbar

FResample during display using: IB\Iineal Interpolation (for continuous data)

Transparent I—‘EU E4

Dizplay Quali
’7 Coarse  Mediu Homal

{

o]

Cancel

A0l

(3] (4]
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Shading a layer

You can shade raster, TIN, and
feature layers relative to the
position of a light source in
scenes and maps. You can use
shading to increase the percep-
tion of depth in the scene and to
enhance details of the topogra-

phy

Changing the light source
You can change the light source
for a scene or map to enhance the
shading on a surface. Click the
Illumination tab on the Scene
Properties or Data Frame
Properties dialog box for controls
that let you change the light source
position.

TIN face shading

You turn shading on or off for
individual TIN face renderers by
clicking the Symbology tab,
clicking the TIN face rendered, and
checking (or unchecking) the Show
hillshade illumination check box.
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1. In the table of contents, right-
click the layer and click
Properties.

Click the Rendering tab.

3. Check the box to Shade areal
features relative to the
scene’s light position.

The option to Use smooth
shading if possible is checked
by default. This minimizes the
shading of small surface
variations to create a
smoother-looking shaded
surface.

4. Click OK.
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- Olptini

1 Cache layer for fastest possible rendsring speed

" Rendsr layer directly from data connection to conserve memory
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0 I Cancel Appl
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Analyzing surfaces

IN THIS CHAPTER

Querying surface values

Understanding the shape of a
surface

Deriving slope and aspect infor-
mation from a surface

Creating contours

Analyzing visibility

Deriving hillshade from a surface
Determining height along a profile
Finding the steepest path
Calculating area and volume
Reclassifying your data

Converting surfaces to vector
data

Creating 3D features

Surfaces—fields that contain an infinite number of points—typically
embody a great deal of information. You may want to simply view the
surface, which is a great way to understand the surface in general, or you
may be interested in specific information about parts of the surface. For
example, you might want to know the altitude, temperature, atmospheric
pressure, or concentration of a pesticide at a given point on the surface. You
might want to know whether an observer at point A can see point B, or how
steep a proposed trail would be. You might be interested in the capacity of a
proposed reservoir, or the amount of material in a ridge. Or, you might be
interested in general information about the surface’s shape that is not
immediately apparent by simply viewing the surface. For example, you may
want to know what points are at the same elevation, what parts of the
surface face the same direction, and where the concentration of a chemical
or the land surface declines most precipitously.

In addition to letting you view surfaces in perspective and symbolize them
in different ways, 3D Analyst gives you tools to get more information about
specific points on a surface and lets you derive general information, such as
slope, aspect, and contours, from the whole surface. 3D Analyst also gives
you tools to convert surface data into vector data for analysis with other
vector data sources.
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Querying surface
values

Sometimes just looking at 3D
data 1s not enough. You often
need to query data or derive new
data to solve problems.

3D Analyst lets you explore the
data on a map or in a scene and
get the information you need.

You can click surfaces or features
to find out what they are. When
you click to get information
about a TIN, you can find out the
elevation, slope, and aspect of
the point where you clicked. If
the TIN feature has a tag value it
will be shown as well. When you
click a raster surface, you see the
elevation value at the point.
When you click a feature, you
see all of the attributes of the
feature.
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Identifying features or
cells by clicking them

1. Click the Identify button on
the Tools toolbar (in ArcScene
or ArcMap) or on the 3D View
Tools toolbar (in ArcCatalog).

2. Click the mouse pointer over
the feature or cell you want to
identify.

el N O
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Displaying Map Tips for
surfaces

1. In the ArcMap table of
contents, right-click the layer
for which you want to display
Map Tips and click Proper-
ties. »
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= _ MyTIM 5
Copy

Edge typ

Soft Edge X Remove
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Displaying Map Tips for
features

You can display Map Tips for
feature data layers. The Map Tip
shows the contents of a feature s
primary display field.

You can change the primary
display field by clicking the Fields
tab in the Layer Properties dialog
box, clicking the Primary display
field dropdown arrow, then
clicking a field.

ANALYZING SURFACES

o ks N

Click the Display tab.
Check Show Map Tips.
Click OK.

Move the mouse pointer over
a TIN facet or raster cell to
see the Map Tip.
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Understanding the shape of a surface

One good way to get a general understanding of the shape of a
surface is to view it in 3D. You can zoom in and out and rotate
the surface to see it from different angles. When you need to
show a surface on a printed map, it can be useful to create
contour lines to represent the surface.

3D perspective hillshaded view of terrain and planimetric contour line
representation of the same area

3D Analyst gives you tools that let you create individual contours
or contours for a whole surface. An experienced map reader can
tell that the surface is steeper where the lines are close together
and identify ridgelines and streams from the shape of the
contours. Contour lines can give you a feel for the shape of a
surface, but they are not very useful as input for an analysis.

3D Analyst also has tools that allow for more quantitative
analysis of the shape of a surface. Slope and aspect are two ways
of quantifying the shape of a surface at a particular location.

Slope is the incline, or steepness, of a surface. It is often used in
analyses to find areas with low slopes for construction or areas
with high slopes, which may be prone to erosion or landslides.
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Terrain slope and aspect surfaces. In the picture on the left, darker shades
of red indicate steeper slopes. In the picture on the right, west-facing
slopes are dark blue, and southeast-facing slopes are yellow.

Aspect is the direction a slope faces. Aspect is often used to
determine how much sun a slope will receive—for instance, to
model how vegetation will grow, snow will melt, or how much
solar heating a building will receive.

Slope and aspect in rasters and TINs

Rasters and TINs model a surface’s slope and aspect in different
ways. In a raster, slope and aspect are calculated for each cell by
fitting a plane to the z-values of each cell and its eight
surrounding neighbors. The slope or the aspect of the plane
becomes the slope or aspect value of the cell in a new raster. In a
TIN, each triangle face defines a planc with a slope and an
aspect. These values are quickly calculated, as needed, when you
query or render the faces.

Hillshading surfaces

Hillshades are the patterns of light and dark that a surface would
show when illuminated from a particular angle. Hillshades are
useful for increasing the perception of depth in a 3D surface and
for analysis of the amount of solar radiation available at a
location.
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There are two ways to hillshade a surface. One technique, which
is most useful for adding depth for 3D visualization, is to turn on
shading for the layer in ArcScene using the Rendering tab in the
Layer Properties dialog box. This shades the layer (any surface or
areal 3D feature layer) on the fly, using the scene’s Illumination
settings. Hillshading is on by default for TINs. You must turn it
on for rasters because not all rasters are surfaces.

3D perspective view of terrain without and with hillshading

The second technique, which is useful as input for analyses and
for enhancing depth in 2D surfaces in ArcMap, is to use the
Hillshade surface analysis command in the 3D Analyst toolbar.
This creates a new hillshade raster that you can make partially
transparent and display in 2D (or 3D) with an elevation layer.

2D elevation raster, transparent hillshade raster, and shaded relief map

ANALYZING SURFACES

Deriving contour lines from rasters and TINs

Contours are lines that connect all contiguous locations with the
same height (or other) value in the input grid or TIN. There are
two ways to create contours with 3D Analyst. One way is to click
the surface with the contour tool. This creates a single contour
line, which exists as a 3D graphic in a scene or map. The other
way to create contours is to use the Contour surface analysis
command. This creates a series of contours with a given contour
interval for the whole surface. These contours are saved as a
feature class with a height attribute.

When you create contours from a grid, the contouring function
interpolates lines between the cell centers. The lines seldom pass
through the cell centers and do not follow the cell boundaries. In
contrast, when you create contours from a TIN, the function
interpolates straight lines across each triangle that spans the
contour value, using linear interpolation between the edge
endpoints to determine where the contour crosses the face.

.

d
A

Contours created from a raster surface and from a TIN surface
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Calculating slope

What is slope?

Slope identifies the steepest downhill slope for a location on a
surface. Slope is calculated for each triangle in TINs and for each
cell in rasters. For a TIN this is the maximum rate of change in
elevation across each triangle. For rasters it is the maximum rate
of change in elevation over each cell and its eight neighbors.

The slope command takes an input surface raster and calculates
an output raster containing the slope at each cell. The lower the
slope value, the flatter the terrain; the higher the slope value, the
steeper the terrain. The output slope raster can be calculated as
percent slope or degree of slope.

Degree of slope = @ Percent of slope = * 100
run

Degree of slope = 30 45 76

Percent of slope = 58 100 375

When the slope angle equals 45 degrees, the rise is equal to the
run. Expressed as a percentage, the slope of this angle is

100 percent. Note that as the slope approaches vertical (90°), the
percentage slope approaches infinity.

The slope function is most frequently run on an elevation grid, as
the following diagrams show. Steeper slopes are shaded red on
the output slope map.

120

BERO0C0OCOED

High

Low

0-7
7-15
15-23
23-31
31-39
39-47
47-55
55-63
63-70
70-78
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Slope map (in degrees)
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Deriving slope
from a raster
surface

Sometimes the elevation of a
point on a surface is less
interesting than the slope of the
surface at that point.

You can derive new rasters that
show the slope of surfaces to get
this information.

Slope 1s rapidly calculated on the
fly for each triangle face in a
TIN, though you can also create
rasters of slope from TIN
surfaces.

Degree and percent slope
Slope can be measured in degrees
from horizontal (0—90) or percent
slope, which is the rise divided by
the run, times 100. As slope angle
approaches vertical (90 degrees),
the percent slope approaches

infinity.

Why use a Z factor?

To get accurate slope results, the z
units must be the same as the x,y
units. If they are not the same, use
a Z factor to convert z units to x,y
units. For example, if your x,y
units are meters, and your z units
are feet, you could use a Z factor
of 0.3048 to convert feet to meters.

ANALYZING SURFACES

Deriving slope

1.

Click 3D Analyst, point to
Surface Analysis, and click
Slope.

Select the surface from which
you want to derive a raster of
slope values.

3. Click Degree or Percent.

4. Type a Z factor. This is

calculated automatically if the
input has a defined spatial
reference that includes z unit
information.

5. Type an output cell size.

6. Type the name of the output

raster.
Click OK.
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Create/tadify TIM

Interpolate to Raster

>
>
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Output cell size:

Output raster:
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Calculating aspect

What is the aspect?

Aspect is the direction that a slope faces. It identifies the steepest
downslope direction at a location on a surface. It can be thought

of as slope direction or the compass direction a hill faces. Aspect
is calculated for each triangle in TINs and for each cell in rasters.

Aspect is measured counterclockwise in degrees from 0 (due
north) to 360 (again due north, coming full circle). The value of
each cell in an aspect grid indicates the direction in which the
cell’s slope faces. Flat slopes have no direction and are given a
value of -1.

. Flat
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W 270 I sE
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The diagram below shows an input elevation grid and the output
aspect grid.

Flat

EEECOEEEEN
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Why use the aspect function?

There are many different reasons to use the aspect function. For
instance, you may want to:

+ Find all north-facing slopes on a mountain as part of a search
for the best slopes for ski runs.

+ Calculate the solar illumination for each location in a region
as part of a study to determine the diversity of life at each site.

* Find all southerly slopes in a mountainous region to identify
locations where the snow is likely to melt first, as part of a
study to identify those residential locations that are likely to
be hit by meltwater first.

 Identify areas of flat land to find an area for a plane to land in
case of emergency.
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Mapping contours

What are contours?

Contours are lines that connect points of equal value (such as
clevation, temperature, precipitation, pollution, or atmospheric
pressure). The distribution of the lines shows how values change
across a surface. Where there is little change in a value, the lines
are spaced farther apart. Where the value rises or falls rapidly, the
lines are closer together.

Why map contours?

By following the line of a particular contour, you can identify
which locations have the same value. By looking at the spacing of
adjacent contours, you can gain a general impression of the
gradation of values.

The example below shows an input elevation grid and the output
contour map. The areas where the contours are closer together
indicate the steeper locations. They correspond with the areas of
higher elevation (in white on the input elevation grid).

W4 & /
Elevation grid and derived contour map

The attribute table of the contour features contains an elevation
attribute for each contour line.
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FID Shape 1D
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Feature attribute table for contours

Using contours in a scene

Contours are a familiar surface representation for many people,
and they have many uses in a scene. You can display contour
features in a 3D scene by setting the base height of the contours
from their value in the feature table. Contours in a scene can
enhance terrain visualization.

Contours superimposed on terrain surface model
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You can also create individual 3D graphic contour lines if you
don’t want contours for the whole surface. The Contour tool on
the 3D Analyst toolbar lets you create 3D graphic contour lines
by clicking a surface in a scene or map.

J 30 Analyst | Layer: Ielevgrd j@(ﬁ« ‘

ArcScene 3D Analyst toolbar
cScene 3 alyst toolba Contour tool

J 30 Analyst * | Layer: Ielevgld j = N B £ | l"_«- | @ ‘

ArcMap 3D Analyst toolbar

You can use individual graphic contours to quickly find points of
equal value in a scene. For example, you can use them to mark
thresholds in the concentration of a chemical or fill lines in a
IEServoir.

3D graphic contours marking lines of equal elevation

ANALYZING SURFACES

You can copy 3D contour graphics between ArcScene and
ArcMap to establish a visual correspondence between a 3D
terrain representation in a scene and a 2D representation on a
map.

3D graphic contour copied from scene into a map
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Deriving contour Deriving contours

lines from a 1. Click 3D Analyst, point to
Surface Analysis, and click
surface Contour.

2. Click the dropdown arrow and
click the surface from which
you want to derive contours.

Contour lines are a familiar way
of representing surfaces on maps.
A contour is a line through all
contiguous points with equal
height (or other) values. While
contours may be readily inter-
preted by people, they are a poor
surface model for computers.

3. Type the contour interval.

4. Optionally, specify a base
contour.

5. Optionally, specify a Z factor.

Browse to the location where
you want to save the contours
and type a name for them.

. Click OK.

o

You can create contour lines for a
whole surface, or you can click a
point and create a single contour
that passes through it. 7

What is the offset?

The oftset lets you control the
position of the minimum contour:
By default, the contour tool uses
the minimum Input height to
calculate the elevation for the
minimum contour. If the default
minimum contour was 298 meters,
you could use an offset of 2 to
place the minimum contour at 300.

What is the Z factor?

The Z factor is used to adjust the
units of the data. For example, if
you have data in meters, and you
want to produce contours in feet,
you could use a Z factor of 3.28.
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Creating a single contour

1. Click the Contour button.

2. Click the surface at the point
where you want the contour.

The contour is added as a 3D
polyline graphic. The height
of the contour is written to the
status bar.
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Analyzing visibility

The shape of a terrain surface dramatically affects what parts of
the surface someone standing at a given point can see. What is
visible from a location is an important element in determining the
value of real estate, the location of telecommunications towers,
or the placement of military forces. 3D Analyst allows you to
determine visibility on a surface from point to point along a
given line of sight or across the entire surface in a viewshed.

What is a line of sight?

A line of sight is a line between two points that shows the parts of
the surface along the line that are visible to or hidden from an
observer. Creating a line of sight lets you determine whether a
given point is visible from another point. If the terrain hides the
target point, you can see where the obstruction is and what else is
visible or hidden along the line of sight. The visible segments are
shown in green, and the hidden segments are shown in red.

Line of sight
Observer —4
Observer height —m

Target

When you create a line of sight, you first set the offset of the
observer and target points above the surface—the observer
should always be set a little above the surface—then you click
the observer and target points, and a graphic line appears
between them.
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Line of sight created in ArcMap and copied and pasted into a 3D scene

While you cannot create a line of sight in ArcScene, you can
create one in ArcMap and copy and paste it into a scene. The line
of sight is shown in the scene as a green and red 3D line graphic
that follows the surface.

What is the viewshed?

The viewshed identifies the cells in an input raster that can be
seen from one or more observation points or lines. Each cell in
the output raster receives a value that indicates how many
observer points can see the location. If you have only one
observer point, each cell that can be seen from the observer point
is given a value of 1. All cells that cannot be seen from the
observer point are given a value of 0.

The Observer Points feature class can contain points or lines. The
nodes and vertices of lines will be used as observation points.

Why calculate the viewshed?

The viewshed is useful when you want to know how visible
objects might be—for example, you may need to know “From
which locations on the landscape will the landfill be visible if it is
placed in this location?”, “What will the view be like from this
road?”, or “Would this be a good place for a communications
tower?”.
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In the example below, the viewshed from an observation point is
identified. The elevation grid displays the height of the land
(darker locations represent lower elevations), and the observation
point is marked as a green triangle. Cells in green are visible
from the observation point, while cells in red are not visible.

Displaying a hillshade underneath your elevation and the output
from the Viewshed function gives a very realistic impression of
the landscape and clearly indicates the locations that an observer
can see from the observation point.
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Creatlng a Ilne Of 1. In ArcMap, click the Line of

sight

A line of sight is a graphic line

toolbar.
2. Optionally, type an Observer

. offset.
between two points on a surface
that shows where along the line 3. Optionally, type a Target
the view 1is obstructed. The color offset.
of the line indicates the locations 4. Optionally, check the box to

where the surface 1is visible and
where the surface 1s hidden. The

status bar indicates if the target is )
Tl e hddsn, 5. Click the surface at the

observer location, then click
the target location.

model curvature and refrac-
tion.

The Line of Sight tool is only
available on the 3D Analyst
toolbar in ArcMap. Once you’ve
created a line of sight in ArcMap,
you can copy and paste it into a
scene. The line of sight appears
in a scene as a 3D line that
follows the shape of the surface,
with obstructed areas shown in
red and clear areas shown in
green.

What are the Observer
offset and Target offset?
The Observer offset is the “eye-
level” of the observer used in
determining what is visible from
the observer's location. An
observer with a height of 0—the
units are the same as the surface’s
z-units—will usually have a more
obstructed view than one with a
height of 1 or 10.

The Target offset is the height of
the target point above the surface.
Targets with a height of 0 are less
visible than taller ones.
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Deriving a
viewshed

The Viewshed tool lets you find
the places that can be seen from
one or more observation points
or lines. If lines are used as input,
the observation points occur at
the vertices of the lines.

The Viewshed tool creates a
raster that contains cells coded to
indicate whether they are visible
to or hidden from the observer. If
there are more than one observer
points, each visible cell in the
raster shows the number of
points from which it is visible.

The Input surface can be a grid or
TIN.

ANALYZING SURFACES

Creating a map
displaying the viewshed

1.

Click the 3D Analyst, point to
Surface Analysis, and click
Viewshed.

Click the Input surface
dropdown arrow and click the
input surface you want to
calculate the Viewshed from.

Click the Observer points
dropdown arrow and click the
feature layer to use as
observer points.

Specify a Z factor. The
default is 1. The Z factor is
automatically calculated if the
input surface has a spatial
reference with z-units
defined.

5. Specify an Output cell size.

Specify a name for the output
or leave the default to create
a temporary dataset in your
working directory.

Click OK.

J |3D fnalyst | Layer: Ielevation

Create/Madify TIM »

Interpolate to Raster

Contaur...
Reclassify. .. Slope...
Carvrert » M.
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2
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Observer paints: I F:ADEM‘obzervers - E _0
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Output cell size: |—3 6
Dutput raster: f<Temporary :”! G

] | Cancel |
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Computing hillshade

What is the hillshade function?

The hillshade function obtains the hypothetical illumination of a
surface by determining illumination values for each cell in an
elevation grid. It does this by evaluating the relationship between
the position of the light source and the direction and steepness of
the terrain. It can greatly enhance the visualization of a surface
for analysis or graphical display.

By default, shadow and light are shades of gray associated with
integers from 0 to 255 (increasing from black to white).
0 . . . .
O N The azimuth is the angular direction
of the sun, measured from north in
clockwise degrees from 0 to 360.

210w E 90 An azimuth of 90 degrees is due
cast. The default is 315 degrees
S (NW).
180

The altitude is the slope or angle of
the illumination source above the
horizon. The units are in degrees,
from O (on the horizon) to 90
degrees (overhead). The default is
45 degrees.

The light source of the hillshade to
the left has an azimuth of

315 degrees and an altitude of

45 degrees.
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Using hillshading in analysis

By modeling shadow, you can identify those cells that will be in
the shadow of another cell at a particular time of day. Cells that
are in the shadow of another cell are coded 0; all other cells are
coded with integers from 1 to 255. You can reclassify values
greater than 1 to 1, producing a binary raster. In the example
below, the black areas are in shadow. The azimuth is the same,
but the sun angle (altitude) has been modified.

Sun angle: 45 degrees  Sun angle: 60 degrees

Using hillshading for display

By placing an elevation grid on top of a created hillshade grid
and making the elevation grid transparent, you obtain a very
realistic image of the elevation of the landscape. You can add
other layers such as roads or streams to further increase the
informational content in the display.
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Deriving a
hillshade of a
surface

Hillshade rasters show the
hypothetical illumination of a
surface, given a specified light
source. Hillshades can be used to
analyze the intensity and duration
of sunlight received at a location
on a surface. They are also used
in conjunction with elevation
layers to give depth to terrain
maps. Hillshade works on raster
and TIN layers.

You can accentuate topographic
features by changing the altitude
and azimuth values. Altitude 1s
the slope or angle of the illumi-
nation source above the horizon,
azimuth 1s its angular direction.

Tip
Modeling shadows
Check Model shadows to code

cells 0 if they are in the shadow of
other cells.

Tip

Specifying a Z factor

Use the Z factor to make the z-
value units the same as the x,y
units. If your x and y units are in
meters, and your z units are in feet,
you would specify a Z factor of
3.28 to convert feet to meters.
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Creating a hillshade
raster

1. Click 3D Analyst, point to
Surface Analysis, and click
Hillshade.

2. Click the dropdown arrow and
click the surface from which
you want to derive a hillshade
raster.

3. Specify the azimuth you wish
to use. The default is
315 degrees.

4. Specify an altitude. The
default is 30 degrees.

5. Optionally, check Model
shadows if you wish to
include the shading effect of
surrounding cells. Cells in the
shadow of other cells will be
coded 0.

6. Specify a Z factor. The default
is 1. The Z factor is automati-
cally calculated if the input
surface has a spatial refer-
ence with z-units defined.

7. Specify an Output cell size.

8. Specify a name for the
output.

9. Click OK.

“3[) Analyzt | Laper: I tyzurface

CreateModify TIMN 3

Interpolate To Raster  p

Surface Analysis CamlEn,.
Corrvert » Slope...
Aspect...

Raster Options. .
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Wiewzhed...

Area and Volume...

Hillshade

Input surface: I tySurface ﬂ @l
Azimuth; il
Altitude: I 45

[ Model shadows

£ factar:

Output cell zize:

|<T EMparans:

[ o |

=

Cancel |

Cutput raster:

o
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Adding depth in 2D

You can use a hillshade raster to
enhance the perception of depth in
a 2D raster representation of
terrain. TINs support colored and
shaded relief directly, so you don t
need to create a hillshade for them.
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Shading a raster with a
hillshade

1.

Create a hillshade raster from
the surface raster that you
want to shade (see ‘Creating
a hillshade raster’ in this
chapter).

In the table of contents, right-
click the hillshade layer and
click Properties.

Click the Display tab.

Type a value in the Transpar-
ent box to set the percent
transparency. 50% is a
reasonable value.

Click OK.

You should now see the
elevation raster through the
hillshade raster.

High: X Remove

Open Attibute T able

Dizplay | Sourcel

Joing and Felates 3
L :
o @ Zoom Ta Layer
=] elevgrd )
Value @ Zoom To Raster Resolution
Wisible Scale Range 3
P igh: = &
Set Data Source...
[ Save Az Layer File...
Low: Make Permanent...
|l

Properties

Fiesample during|display using: IBiIinEar Interpolation [for continuous dats) j
Trangparent B0 %
Dizplay Quality
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u] I Cancel Apply
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Shading 3D
surfaces in a
scene

Shading increases the realism of
a 3D scene and improves your
ability to distinguish details of
the surface. By default, TIN
surfaces are drawn using
shading, though you can turn it
off. Raster surfaces can easily be
shaded, too—without the need
for creating a hillshade raster.
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Shading a raster surface
in a scene

1. In ArcScene, set the base
height of the raster to itself
(see ‘Displaying raster
surfaces in 3D’ in Chapter 5).

2. Right-click the raster layer in
the table of contents and click
Properties.

Click the Rendering tab.

Check the box to Shade areal
features relative to the
scene’s light position.

The option to ‘Use smooth
shading if possible’ is
checked by default. This
minimizes the shading of
small surface variations,
which creates a smoother-
looking shaded surface.

5. Click OK.

Scene laye

DY HE LapEl s

ard

Walle
. High : 3070.290771
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Dizplay
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 Render layer only whils navigation has stopped
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Effec
¥ Shade areal features relative to the scene's light position

¥ Use smooth shading if possible

Select the drawing priority of areal features, elated to other layers lﬁ
that may be at the same location. This helps ta determine which 1 s
feature gets drawn on top of the other,
- Dptimize:
% Cache layer for fastest possible rendering speed
" Render layer directly from data connection o conserve memory
Quality enhancement for raster images Low —J— High
(1.9 I Cancel Apply
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Determining 1. In ArcMap, click the Layer

dropdown arrow and click the

helg ht along a surface that you want to Layer: Irastirﬂ
prOflle pr?flle. |

2. Click the Interpolate line %_Untitled - ArcHap o= |
Profiles show the change in button. J File Edit View Inser Selection Took Window Help ‘
elevation of a surface along a 3. Click the surface and digitize DEW& & RBX|o - & 1] 4 &N
line. They can help you assess a line. When you are finished, D anket = | Layer i Ha>etzslk @
the difficulty of a trail or evaluate double-click to stop digitizing. FAHIOPEDE R @ ME S

the feasibility of placing a rail ) i
line along a given route. 4. Click Profile Graph.
5. Optionally, to change the

layout of the profile graph,

right-click on the title bar of

Profiling a 3D line feature the profile graph and click %
You can also create a profile graph Properties. —— 20| 0A<I _w| v
] rawing = = =4 = il - -
for 3D line features, as well as for [ = W G = = B !
© (3141672 40905537 Meters | =

3D graphics. Select a 3D line
feature and click Profile Graph.

?
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Save..
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Finding the
steepest path

You can evaluate runoff patterns
on a TIN surface model by using
the Steepest Path tool. The
Steepest Path tool calculates the
direction a ball would take if
released at a given point on the
surface. The ball will take the
steepest path downhill until it
reaches the perimeter of the
surface model or it reaches a
pit—a point all surrounding areas
flow into. The result is a 3D
graphic line added to the map or
scene.

You can use the Steepest Path
tool to evaluate the integrity of a
TIN surface model, for example,
to find paths that end unaccount-
ably or meander off in a direction
different from runoff on the
actual site. If you’re going to use
the model for runoff studies,
you’ll need to correct such
anomalies.
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1. Click the Steepest Path tool.
. Click the surface at the

location where you want the
path to begin.
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Calculating area
and volume

Use the Area and Volume
Statistics tool to calculate 2D
area, surface area, and volume.
All are relative to a given
reference plane.

The 2D area of a rectangular
patch of surface model is simply
its length times its width. The
surface area 1s measured along
the slope of the surface; it takes
the variation in the height of the
surface into account. Unless the
surface 1s flat, the surface area
will always be greater than the
2D area. You can compare the
values for the 2D area and
surface area to get an indication
of the roughness or slope of the
surface—the larger the difference
between the values, the rougher
or steeper the surface.

The volume is the space (in cubic
map units) between the surface
and a reference plane set at a
particular height. You can
determine the volume above the
plane or below it, so you can
answer questions such as “how
much material is between the

1,200-foot contour and the top of

this hill?” or “how much water
could be stored in this reservoir
if the top of the dam will be at
300 meters?”
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. Click 3D Analyst, point to

Surface Analysis, and click
Area and Volume.

. Click the dropdown arrow and

click the surface for which
you want to calculate area
and volume statistics.

. Type a height for the refer-

ence plane.

. Click to calculate above or

below the reference plane.

. Optionally, type a Z factor to

convert the z units to X,y units
if the z units of the surface
are not the same as the

X,y units.

You will get inaccurate results
if the units are not the same
and you do not include a

Z factor.

. Optionally, check the box to

save the results to a text file.

. Optionally, type a name for

the text file where the results
will be saved.

. Click Calculate statistics.

The 2D area, Surface area,
and Volume will be reported
in the area below this button
and optionally written to a text
file.

You can change the param-
eters and click the button
again to repeat the calcula-
tion.

. Click Done.
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Reclassifying data

What is reclassification?

Reclassifying your data simply means replacing input cell values
with new output cell values. Reclassifying continuous data into
categories is an important step in the process of transforming
surface data into vector data for analysis.

The input data can be any raster format. If you add a multiband

raster, the first band will be taken and used in the reclassification.

Why reclassify your data?

There are many reasons why you might want to reclassify your
data. Some of the most common reasons are to:

» Replace values based on new information.
» Classify certain values together for display.

» C(lassify certain values together for conversion to vector
format for analysis.

* Reclassify values to a common scale.

» Set specific values to NoData or to set NoData cells to a
value.

Replacing values based on new information

Reclassification is useful when you want to replace the values in
the input raster dataset with new values. This could be due to
finding out that the value of a cell, or a number of cells, should
actually be a different value. For example, this may happen if the
land use in an area changed over time.

ANALYZING SURFACES

Grouping values together

You may want to simplify the information in a dataset. For
instance, you may want to group together various types of forest
into one forest class or group aspect values into general
categories such as north-facing and south-facing slopes.

You may also want to do overlay and selection on data from a
surface—for example, finding and selecting arcas that have low
slope and southeast aspect. You can create the vector data for this
kind of polygon overlay and selection using reclassified slope
and aspect rasters.

Reclassifying values of a set of rasters to a common
scale

Another reason to reclassify is to assign values of preference,
sensitivity, priority, or some similar criteria to a raster. This may
be done on a single raster (a raster of soil type may be assigned
values of 1-10 that represent degree of susceptibility to erosion)
or with several rasters to create a common scale of values.

Setting specific values to NoData or setting NoData
cells to a value

Sometimes you want to remove specific values from your
analysis. For example, a certain land cover type may have
restrictions—such as wetlands restrictions—that mean you can’t
build there. In such cases you might want to change these values
to NoData in order to remove them from further analysis.

In other cases, you may want to change a value of NoData to be a
value. For example, you might acquire new information and want
to update a value of NoData with the new value.
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Reclassifying
your data

The Reclassify dialog box
enables you to modify the values
in an input dataset and save the
changes to a new output dataset.

There are many reasons why you
may wish to do this including
replacing values based on new
information, grouping entries,
reclassifying values to a common
scale (for example, for use in
suitability analysis), or setting
specific values to NoData or
setting NoData cells to a value.

The Load button enables you to
load a remap table that was
previously created by pressing
the Save button and applying it to
the input raster dataset.

The Save button enables you to
save a remap table for later use.

Replacing NoData values
NoData values can be turned into

numeric values in the same way as
you replace any value.

Changing the classes of

your old values

Click Classify to classify your old
values differently.

Click Unique to separate classes of
old values into unique values.
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Replacing values based
on new information

1.

Click the 3D Analyst
dropdown arrow and click
Reclassify.

. Click the Input Raster

dropdown arrow and click the
raster with a value you wish
to change.

. Click the Reclass Field

dropdown arrow and click the
field you wish to use.

. Click the new value you wish

to change and type a new
value.

. Type the Old values entry in

each New values input box
for all other values to keep
them the same in the output
raster.

. Optionally, click Save to save

the remap table.

. Specify a name for the output

or leave the default to create
a temporary dataset in your
working directory.

. Click OK.
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uUngrouping entries

To ungroup entries, right-click the
group and click Ungroup Entries.

Changing the classes of
your old values
Click Classify to change the

classification of your old values.

Click Unique to separate classes of
old values into unique values.
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Grouping entries

1.

Click the 3D Analyst
dropdown arrow and click
Reclassify.

Click the Input Raster
dropdown arrow and click the
raster whose values you wish
to group.

Click the Reclass Field
dropdown arrow and click the
field you wish to use.

Click the New values you
wish to group (click one, then
hold down the Shift key and
click the next one), then right-
click and click Group Entries.

Optionally, click Save to save
the remap table.

Specify a name for the output
or leave the default to create
a temporary dataset in your
working directory.

. Click OK.
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Changing input ranges to
unique values

If your input values are split into
ranges and you want them to be
unique values, click Unique.

See ‘Standard classification
schemes’in Using ArcMap.
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Changing the
classification of input
ranges

1.

Click the 3D Analyst
dropdown arrow and click
Reclassify.

Click the Input Raster
dropdown arrow and click the
raster whose values you wish
to reclassify.

Click the Reclass Field
dropdown arrow and click the
field you wish to use.

Click the Classify button.

Click the Method dropdown
arrow and choose a classifi-
cation method to use to
reclassify your input data.

Click the Classes dropdown
arrow and choose the number
of classes into which to split
your input data.

Click OK.

Modify the New Values for
your output grid if appropri-
ate.

Specify a name for the output
or leave the default to create
a temporary dataset in your
working directory.

10.Click OK in the Reclassify

dialog box.
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To change a value to
NoData

You can also type “NoData’ in the
input box for a new value to
change an input value to NoData.

ANALYZING SURFACES

Setting specific values to
NoData

1. Click the 3D Analyst
dropdown arrow and click
Reclassify.

2. Click the Input Raster
dropdown arrow and click the
raster with values you wish to
set to NoData.

3. Click the Reclass Field
dropdown arrow and click the
field you wish to use.

4. Click the input boxes for the
New values you wish to turn
to NoData.

Click Delete Entries.

6. Check Change missing
values to NoData.

7. Optionally, click Save to save
the remap table.

8. Specify a name for the output
or leave the default to create
a temporary dataset in your
working directory.

9. Click OK.

The values you deleted will
be turned to NoData in the
output grid.
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Converting rasters and TINs to vector data

Why convert from surfaces to vectors?

Raster and TIN surfaces may contain information that you would
like to use in conventional, vector-based, GIS operations. Two
such vector-based operations are overlay and selection by
location.

Converting rasters to features

The general steps to convert rasters to features for analysis are:

1. Convert the raster surface data to categorical data (elevation,
slope, or aspect categories).

2. Convert the categories to polygons.

3. Use the polygons with other vector data and select the areas
that meet some criteria.

For example, suppose you have a raster elevation model and a
polygon feature class of vegetation.

Raster elevation
model and vector
vegetation feature
class.

You might want to select parts of a study area that are below
1,000 meters in elevation and have a particular vegetation type.
In order to do the vector overlay and selection with the elevation
data, you need to convert the raster to polygons.
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Raster elevation
model with continuous
values and raster
converted to
categorical values

Polygon feature
class created from
the raster categories

Polygon feature class
of vegetation types
and selected

o 7 vegetation that falls
A within a selected
:? elevation class
polygon

You can also use this technique to extract lincar features from
rasters. For example, you could extract stream courses or roads
from land cover rasters or remotely sensed images.

Converting TINSs to features

Converting TINs to features involves fewer steps. You can extract
slope and aspect polygons directly from TIN surfaces, or you can
extract the elevation values of nodes in the TIN as a point feature
class. You can use the slope and polygon features extracted from

a TIN just as you would use such features extracted from a raster.
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Converting
surface to vector
data

You can convert surface data to
vectors—point, line, or polygon
features—for use in selections or
overlay or for editing.

Rasters must be reclassified from
continuous data to categorical
data—for example, from slope in
degrees to slope categories or
from elevation values to eleva-
tion classes.

ANALYZING SURFACES

Converting raster data to
features

1.

Click the 3D Analyst
dropdown arrow, point to
Convert, and click Raster to
Features.

Click the Input raster
dropdown arrow and click the
raster dataset you want to
convert to a feature.

Click the Field dropdown
arrow and click the field you
want to copy to the output
features.

Click the Output geometry
type dropdown arrow and
click the type of feature you
want to create from your
raster data.

Specify a name for the output
feature or leave the default to
create a temporary dataset in
your working directory.

Click OK.
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Converting TIN data to
features

1.

Click the 3D Analyst
dropdown arrow, point to
Convert, and click TIN to
Features.

. Click the Input TIN dropdown

arrow and click the TIN you
want to convert to features.

. Click the Conversion

dropdown arrow and click the
type of conversion that you
want to do.

Specify a name for the output
feature or leave the default to
create a temporary dataset in
your working directory.

. Click OK.
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Creating 3D
features

It 1s often useful to have features
with 3D geometry. Although you
can display 2D features by
draping them over a surface, 3D
features are displayed more
rapidly, and you can share them
with others without having to
send along the surface data.

You can convert existing 2D
features to 3D in three ways. One
method is to derive the height
values of the features from a
surface. The second is to derive
the height value from an attribute
of the features. The third is to
derive the features’ height from a
constant value.

You can also digitize new
features over a surface in
ArcMap and interpolate the
features’ z-values from the
surface during digitizing.

Creating 3D graphics

You use the same tools to digitize
3D graphics from a surface as you
use to digitize 3D features. See
‘Creating 3D graphics by
digitizing over a surface’. You can
copy and paste 3D graphics from
ArcMap to ArcScene.

ANALYZING SURFACES

Deriving existing features
height from a surface

1.

Add the 2D features and the
surface to a map or scene.

Click 3D Analyst, point to
Convert, and click Features
to 3D.

Click the Input Features
dropdown arrow and click the
features that you want to
convert to 3D.

Click the Raster or TIN
Surface button to set the
source for the features’
heights.

Click the dropdown arrow and
click the surface that you
wish to use.

Optionally, browse to the
location where you want to
save the output feature class
or shapefile.

. Type the name of the output

3D feature class or shapefile.
Click OK.
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Cancel |
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Giving all of the features

the same z-value

You can click the numeric constant
button if you want to give all of the
output 3D features the same z-
value.
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Deriving existing features
height using an attribute

1. Add the 2D features to a map
or scene.

2. Click 3D Analyst, point to
Convert, and click Features to
3D.

3. Click the Input Features
dropdown arrow and click the
features that you want to
convert to 3D.

4. Click the Input Feature
Attribute button to set the
source for the features’
heights.

5. Click the Attribute that you
wish to use for the features’
heights.

6. Optionally, browse to the
location where you want to
save the output feature class
or shapefile.

7. Type the name of the output
3D feature class or shapefile.

8. Click OK.
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Selecting the surface to
supply z-values

If you have more than one surface
on the map, use the Layer
dropdown list on the 3D Analyst
toolbar to select the surface that
will be the source of your features’
z-values.

3D polygon feature

limitation

The perimeters of 3D polygons are
where the z-values are stored. The
interior elevations are interpolated
based on these values. For
relatively smooth surfaces, the
interiors of 3D polygon features
will reflect the actual surface
reasonably well. If you need to
accurately model the details of an
area, use a TIN or raster surface
instead of polygons.

ANALYZING SURFACES

Creating 3D features by
digitizing over a surface

1. Add the 3D feature class (an
existing feature class with
one of the following geom-
etries: pointZ, polylinez,
polygonZ) to which you want
to add features to the map.

2. Add the surface that you want
to use as the source for the
features’ height to the map.

3. On the Editor toolbar, click
Editor and click Start Editing.

4. If you have more than one
feature class on the map,
identify the workspace of the
feature class in which you will
be creating new 3D features.
Click OK.

5. Click the Interpolate Point,
Interpolate line, or Interpolate
polygon button (depending on
the geometry of the features
class you are creating).

6. Click on the surface and
create the edit sketch for the
feature just as you would for
a 2D feature.

7. When you are finished
digitizing, click Editor and
click Save Edits.

8. Click Editor and click Stop
Editing.

9. Click Yes to save your edits.
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Selecting the surface to
supply z-values

If you have more than one surface
on the map, use the Layer
dropdown list on the 3D Analyst
toolbar to select the surface that
will be the source of your graphics
z-values.

3D polygon graphics
limitation

The perimeters of 3D polygons are
where the z-values are stored. The
interior elevations are interpolated
based on these values. For
relatively smooth surfaces, the
interiors of 3D graphic polygons
will reflect the actual surface
reasonably well. If you need to
accurately model the details of an
area, use a TIN or raster surface
instead of polygons.

Using 3D graphics in
ArcScene
You can copy 3D graphics that

you 've created in ArcMap and
paste them into ArcScene.
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Creating 3D graphics by
digitizing over a surface

1. Add the surface that you want
to use as the source for the
graphics height to the map.

2. Click the Interpolate Point,
Interpolate Line, or Interpo-
late Polygon button (depend-
ing on the geometry of the
graphics you are creating).

3. Click the surface at the
location where you want to
start drawing.

If you are using the Interpo-
late Point tool, a point will
appear.

If you are using the Interpo-
late Line or Interpolate
Polygon tools, the first vertex
will appear. Click the surface
where you want to create the
next vertex.

4. Double-click the surface to
create the last vertex and
finish drawing.
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3D visualization

IN THIS CHAPTER Viewing data in three dimensions gives you new perspectives. 3D viewing
_ can provide insights that would not be readily apparent from a planimetric
* Creating a 3D scene map of the same data. For example, instead of inferring the presence of a

valley from the configuration of contour lines, you can actually see the
valley and perceive the difference in height between the valley floor and a
ridge.

» Adding layers and graphics to a
scene

* Defining 3D properties for layers ArcScene lets you build many-layered scenes and control how each layer in

a scene is symbolized, positioned in 3D space, and rendered. You can also

control global properties for the scene such as the illumination. You can

« Identifying and selecting features select features in a scene by using their attributes or their position relative

to other features or by clicking individual features in the scene. You can

navigate around a scene or specify the coordinates of the observer and

target for a viewer.

» Defining properties of a scene

* Managing viewers
* View settings
» Exporting a scene

* Printing a scene
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Creating a new
scene

If you start ArcScene with an
empty scene, you will probably
want to add some data to it. You
can add data surfaces, 2D or 3D
feature classes, or layers that
specify how the surface or
feature data will be rendered in
3D. Once you add data to a
scene, you can change how the
layers of data in the scene are
rendered by modifying their layer
properties. You can also change
general properties of the scene
including the background color,
the illumination of the scene, and
the vertical exaggeration of the
scene.
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Adding data in ArcScene

1. Click Add Data on the
ArcScene Standard toolbar.

2. Navigate to the surface or
feature data.

3. Click Add.
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Adding data from
ArcCatalog

1. Navigate to the data in the
Catalog tree.

2. Click and drag it onto the
scene.
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Adding data from ArcMap

J File Edit “iew Inzert Selection Toolz ‘window Help

Why is the symbology of 1. Right-click the layer in the
my layer different in ArcMap table of contents and |p@ESFh@ax |-~ dT
ArcScene? click Copy. =l
5 e ) B £ Layers
A layer file specifies how data ae 0% %

N

should be rendered in ArcMap, Click t_he Ar_cSce_ne WithW to
ArcCatalog, or ArcScene. The 3D make it active, right-click

properties that you can set for a Scene layers, and click Paste Open Altrbute Table

layer (those found on the Base Layer(s). e ) REHEtEs 4
Heights, Extrusion, and Rendering

tabs) do not apply in ArcMap.

Similarly, some symbology that
you can set in ArcMap (multilayer | Fie Edé Yiew Selection Todls window Help

symbols, dashed lines) will not |IDSH|*2EX || Qs |
show up in ArcScene. Features in -

|
|

ArcScene can be symbolized with
simple symbols and using
graduated symbols or colors.

Scene layers
brklinz {"/ Add Data...

- [

Eomvert Labels tobnnotation...

Scene Properties...
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Adding 3D
graphics to a
scene

Once you’ve added data to a
scene, you may find that you also
want to add a 3D graphic. For
example, you might have created
a single contour line; a line of
sight; a steepest path; or simple
3D point, line, or polygon
graphics with one of the 3D
Analysis tools in ArcMap. You
can copy and paste these 3D
graphics from ArcMap into
ArcScene.
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Copying and pasting 3D
graphics from ArcMap
1. Click the Select Graphics

button on the ArcMap Tools
toolbar.

2. Click the graphic.

3. Right-click the graphic and
click Copy.
4. In ArcScene, click Edit and

click Paste.
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Feature data and 3D

You may want to visualize feature data, as well as surfaces, in a
perspective view.

Feature data differs from surface data in representing discrete
objects, rather than continuous phenomena. Features typically
have a shape (geometry) and attributes.

Some typical feature geometries are point, line, or polygon. Point
features might represent mountain peaks, telephone poles, or well
locations. Lines might represent roads, streams, or ridgelines.
Polygons might represent buildings, lakes, or administrative
arcas. The attributes of features can store values that refer to the
clevation or height of the features. Some GIS features store
elevation values with the feature geometry itself; for example,
PointZ features are stored as a set of x,y,z coordinates. You can
use z-values in the geometry or attributes of features to display
the features in a 3D scene.

Building footprints extruded by building height

3D VISUALIZATION

Sometimes features lack elevation or height values. You can still
view these features in a 3D scene by draping or extruding them.
If you have a surface model for the area, you can use the values
in the model as z-values for the features. This is called draping
the features. You can also use this technique to visualize image
data in 3D. If you want to show building features in 3D, you can
extrude them using an attribute such as building height or number
of stories. You can also extrude features based on an arbitrary
value.

Sometimes you’ll want to view 2D features in a scene with z-
values taken from some attribute other than a height value. For
example, you might create a scenc that shows city points
extruded into columns based on their population.

U.S. cities, height extruded based on population in 1990
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Examining the base
heights of a layer

Defining the
z-values for a
layer

When you add a layer to a scene,

it may not initially be rendered in 2. Click the Base Heights tab.
3D. TINs and features with 3D This layer does not have
geometries (pointZ, polylineZ, base heights.

polygonZ, and multipatch shapes,

for example) are automatically

drawn in 3D. Rasters (grids and

images) and 2D features are

drawn as though they were

resting on a flat surface. In order

to view rasters and 2D features in

3D, you need to define their z-

values.

3D Analyst adds three tabs to the
Properties dialog box that allow
you to control how a feature layer
is displayed in 3D. There are
three ways to render 2D features
in 3D. These are setting base
heights using an attribute, setting
base heights by draping features
on a surface, and extruding
features. There are some varia-
tions on these methods, and you
can combine them—for example,
you can set base heights from a
surface, then extrude the features
above or below the surface.

1. Right-click the layer and click
Properties (in ArcScene or
ArcCatalog).

You can set the base heights of
raster layers using a surface or a
constant value.
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Using built-in z-values of a
layer

Some feature data includes z-
values in the feature geometry. If
you examine the attribute tables of
these feature layers you will see
that the shape field says PointZ,
PolylineZ, or PolygonZ. Features
with 3D geometry are automati-
cally displayed in 3D in a scene
using the z-values from the feature
geometry. You can set the base
height of these features using an
attribute or a surface if you do not
wish to use the built-in z-values. If
you then want to switch back to
using the z-values, click Layer
features have Z values. Use them
for heights option.

3D VISUALIZATION

Setting the base height

1.

from an attribute

Right-click the layer and click
Properties.

Click the Base Heights tab.

Click the option to Use a
constant value or expression
to set heights for features in
layer.

Click the Calculate button.

Double-click the field that will
provide the z-value for the
features.

Click OK. »
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Add an offset using a constant or expression

0

= |
I~

4

’TI Cancel | Apply |
[ [ 7]
Figlds Functions
||D Abs () =] 6
et
Cos[ ]
Ewpl ]
Fie[ ) |
Int[ ]
st |
Evprsssion
A s ]
I e
I e e
[ |
Save.. Load... | QK I Cancel |
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7. Click OK in the Properties Properties
dla|Og bOX General | Source I Selection I Duigplay I Symbology I Fields | Definition Querny I
Jaing & Relates Base Heights I Extrugion | Rendering
The 2D features are now Height
draWn in 3D, using the @ |ze a constant value or expression to set heights for layer:
attribute that you selected as I[comuum
the z-value.

A7) [t bheiahts for leper fram surface:

Faster Resolution,

{71 [Layenfeatures have Z values. [se them fon heights

2 Unit Conversion
’7Apply conversion factar bo place heights in same units as scene: Icuslum j I ‘

[~ Dffset
Add an offeet uzing a constant or expreszion;

o = =l

ok | Cancel | Apply |

ntitled - ArcScene = O]

JEiIe Edit Wiew Selection Tool: ‘window Help
BEEEELERIEY
[¢+aeae@QuzO@ER0M
|

3D Analyst + | Laper: I j B ‘

|%

@

=% Scene layers _

T
)

B

Display

0

Perspective view of contours, base heights set using the contours’
elevation attribute
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Setting a feature layer’s Jains and Relates 3 I ] 5

base hEIghtS USIng a J File Edit Wiew Sele <& Zoom Ta Layer
Surface J = H | o [ Selection » J
a Convert Features to Graphics. ..
. = . . ‘a ’ M
1. Right-click the layer and click EEERE o S Lid
Properties. J 30 Analyst ~ | L =
S N— Save Az Layer File...
Click the Base Heights tab.
g I=# Scene layers o
3. Click the option to Obtain
heights for layer from surface. S0 temain
: : W alue
4. C!ICk the dropdown list and High: 307
click the surface that you
want to use for the base Low: 122
heights.
5. Click OK. Display
The |ayer iS now drawn in 3D, Dizplay the properties of this layer ®
using the surface that you
selected to provide the
z-values.
3 2
Ggneral Source Selection Dizplay | Symbalogy I Fields | Defirition Huen |
Joing & Relates Base Heights Extrugion | Rendering
~Haight

ki heaghts for [aver from strface

IF:\wolkspace\terlain

Faster Resolution,.

2 Layer featies haye Zvaluss, Wse ther for beights,

©

"Z Uit Corversion ‘

Apply conversion Factor to place heights in same urits as scene: [ custom - 1

- Offset

Add an offset using a constant or expression

P = =

1] I Cancel | Apply
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Extruding the features in e

a Iayer Scene layers ‘ropertiss...
1. Right-click the layer and click = "'j""gﬂ
Properties.

Click the Extrusion tab.
3. Check the check box to

; 2
extrude the features in the = e
layer. Proaerties
4. C“Ck the Calculate button tO General | Source | Selection | Display Symbology | Field| | Drefinition Guerny |
Ca|CU |ate an extru5|on Juoins & Relates I Base Heights Extrusion | Rendeting
express|on » 7 Extrude features inlayer. Extrusion tums points into vertical lines, nes into:
wallz, and polgons into blocks. i

Ertrusion value or expression:

0 =

Apply extruzion by:

adding it to each feature's minimum height j

’TI Cancel Apply
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5. Double-click an attribute you [
want to include in the

eXpreSSion' Expreszion Builder
6. Optionally, build a calculation Fields Functions
i i BREL Abz[ ) =
that includes the attribute. A TER et ]
. BUILDIMG IO Coz( ]
Click OK. Ei;[ ]
Fix[ ] |
8. Optionally, click the dropdown Loa() o
arrow to specify how the Sinl |
extrusion should be applied. e —0

. [Frooksi-ia 1 7 | e | 8 | /]
9. Click OK. » _4|_5|_8|_|
I D R
ol o | -]

Save. Load... | ag I Cancel |

L7

Properties [ 7] x]
General | Source | Selection | Display | Symbology | Fields | Deefirition Hueny |
Juins & Relates | Base Heighls Extrusion Rendering

Extrude features in laper. Extugion turns points into vertical lines. lines into
il
walls, and polgons into blocks.

Estiusion value or expression:

[FLOORS] <10 =

[-|

Apply extrusion by:

adding it 1o each feature's minimum height =l

©

ok | Cencel Aol
T

o
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The features are extruded ¢ Untitled - ArsScene
into 3D.

J File Edit Yiew Selection Tools Window Help

[ =ex|s ﬁ|@@|k‘?‘
[vacaeqanuo@Eron

J 30 Analyst - | Layer: I j @ /_3,\ ‘

=% Scene layers
= Buildings

Display I Source I
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Raster data and 3D

Rasters sometimes contain continuous surface data—when they
do, rendering them in 3D is a simple matter of setting the raster
layer’s base height to itself. You can improve the appearance of
the surface by setting the symbology, shading, base resolution,
and (if the surface’s z-units are not equal to its X,y units) z-unit
conversion factor.

Aerial photo draped over a surface

Terrain surface draped over a surface—itself

Rasters often contain other kinds of discontinuous (nonsurface)
data about an area—for example, thematic land use data,
remotely sensed image data, scanned maps, or the results of
surface analyses—that can be mapped directly to a surface. You
can display a nonsurface raster in 3D by draping it over a surface
model of the area. This can be a very effective way of visualizing
the relationship between the raster and the surface.

Categorical raster draped over a surface

USGS quad map draped over a surface
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Defining the 3D
properties of a
raster layer

When you add a raster layer to a
scene, it 1s initially drawn as
though it were resting on a flat
surface. In order to view rasters
in 3D, you need to define their z-
values. 3D Analyst adds two tabs
to the Properties dialog box that
allow you to control how a raster
layer is displayed in 3D. Rasters
can be rendered in 3D by
interpolating heights for the
raster using values in the raster
itself, by using values in another
(raster or TIN) surface, or by
giving the raster a constant base
height.

What is the Raster
Resolution?

When you drape a raster over a
raster surface, the base surface is
resampled to 256 rows by

256 columns to improve perfor-
mance. You can change the
resolution of the base surface by
clicking Raster Resolution and
setting either the cell size or the
number of rows and columns. A
smaller number of rows and
columns improves performance but
reduces the resemblance of the
base surface to the original.
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Setting a raster layer’s
base heights using a
surface

1. Right-click the layer and click
Properties.

2. Click the Base Heights tab.

3. Click the option to Obtain
heights for layer from surface.

4. Click the dropdown arrow and
click the surface that you
want to use for the base
heights.

5. Optionally, click Raster
Resolution to set the resolu-
tion of the base surface.

6. Click OK.»

Dizplay the propertie:

=] 3

&k MyScene.sxd - ArcScene

JEiIe Edit Wiew Selection Took MWindow Help
[DeEsme x|+ Hasn
[¢aeaeaanum@ ron

J 3D Analyst * | Layer: Itenain

x|
E Scene layers |

= _ terrain a@ Copy

Walue
I High: £ * Remove

= Refresh

Low: 2 Open Attribute Table

@ Zoom To Laper

Set Data Source. .

Save bz Layer File...

Dizplay | Sourcel
7 Properti

Properties

Use a constant value or expression to set heights for laper:

’ Il
| E
Obtain heights for laver from suface:

[ workspaceenan & 0

& Layerfestured have 2 values, Use them for heiafits:

Z Unit Conversior

’VApp\y conversionffactar to place heights in same units as scener | custom - 1

P = |l

Oiffset
’VAdd ah offset usiga a constant or expression:

Concel | Appy

% |

c o
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The raster layer is now drawn £k MyScene.sxd - ArcScene [0 x]
in 3D, using the surface that J File Edt ‘View Selection Tools ‘window Help

Z?\;Ja;sue;z:ted to provide the J 0= H| Y B B X ¢/| E|@ @|*?‘
[*aecsaanand@sron
J 3D Analyst « | Laper: Iterrain j i@ N ‘

I=# Scene layers

=] terrain
Walue
High : 807

Low: 22

Diizplay
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Converting
Z-units to x,y
units

Geographic data 1s typically
collected and represented in a
coordinate system that has the
same X and y units. However,
when heights, depths, or eleva-
tions are recorded for features or
surfaces, the z-units are not
always the same as the x,y units
of the coordinate system. For
example, a set of well features
might be stored in Universal
Transverse Mercator (UTM)
meters but have a well depth
attribute in feet. In order to
represent the wells correctly in
3D, the z-values must be
converted to meters. Otherwise,
when you extrude the wells in a
scene, they will appear to be
three times as deep as they really
are.
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Converting units

1. Right-click the layer and click
Properties.

2. Click the Base Heights tab.

3. Click the Z Unit Conversion
dropdown arrow and click one
of the predefined types of
conversion.

If you need to apply a custom
conversion, click custom.

4. Optionally, if you're using a
custom conversion, type the
conversion factor.

5. Click OK.

Propeities

General Source Selection | | Display | Symbology | Fields | Diefinition Query |
Joins & Relstes Base Heights Extrusion Fiendering
~ Height
& Use a constant value or expression b set heights for layer
° 3 4l
| E
£ ibtztibeiahts forlayer homisuifene
| a1 =
RS e
| [Laver featires haye 2 values, sz them for heights

Z Unit Conversion

’VApply conversion factor to place heights in same units as scene:

- Off

custom i 1
meters to feet

©0

custom Ir
Add an affset using & constant or expression:
=
P =N
0k || Cencel || ook
T

o
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Offsetting the
heights in a layer

You can add a constant amount
or calculated value to the base
height of a layer to raise (or
lower) it relative to other layers
in a scene. This can be useful
when creating 3D visualizations
to ensure that a layer 1s visible
above a surface, to allow
comparison of the shapes of two
surfaces, or to provide z-values
for power lines or pipes that have
a given depth above or below a
known surface.

The offset can be relative to base
heights determined using a
constant or expression, a surface,
or z-values embedded in feature
geometries.

3D VISUALIZATION

ONT G LOyS s

Right-click the layer and click
Properties.

Click the Base Heights tab.

= terrain
Type a constant value for the

offset.

Optionally, click the Calculate
button to create an expres-

Propeities

H H General | Source Selection | Display | Symbology | Fields I Drefirition Querny I
sion to deflne the Offset Joins & Relates Base Heights Extrusion | Rendeting
H r~ Height
Click OK.
" Use a constant value o expression to set heights for layer
0 [=| TF
! El I
& Obtain heights for laper fram surface:
[ cwerkspacettenain =l El
Fiaster Fesalution ..

" Layer features have Z values. Use them for heights,

2 Unit Conversion ‘

’7Apply conversion factor to place heights in same units 85 scene: | custom - 1

- Off

&dd an offset using a constant or expression;

|2n = =1

S5

0K I Cancel Apply |

o o
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Controlling when
a layer is
rendered

Scenes can contain many layers,
and rendering some layers can be
quite demanding on your
computer’s resources. If you find
that rendering a particular large
or complex data layer causes
navigation in a scene to be
sluggish, you can set it to display
only when navigation has ceased.
Allowing a simpler layer to be
rendered during navigation can
provide landmarks to allow you
to navigate accurately while the
complex layer is not visible.
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Rendering a layer only
when navigation is
stopped
1. Right-click the layer and click
Properties.
Click the Rendering tab.
3. Click the option to Render

layer only while navigation
has stopped.

4. Click OK.

HENEIEEONIEER

Scene layers
=] roads

MyLargeTIN

Save Az Layer File...

B
Edgz type
— Soft Edge

Hazrd Fdna

Properties

General | Source | Selection Display I Symbology Fields
Joins & Relates Baze Heights | Extrusion

-

© Render layer at all tlimes

Drefinition Queny |
Rendering

@ Render layer only while navigation has stopped

" Render layer anly while navigating

Diraw simpler level of detall if navigation refiesh iate exceeds: 075 second(s)

- Effect
[V Shadz areal features relative b the scene's light pasition

[V Use smooth shading if possible
Selectthe rauing pory ested 0 the syes that maybe st he [

zame location. This helps to determine which feature gets drawn on
top of the other.

- Diptim;
& Cache layer for Fastest possible rendering speed

" Render layer directly fiom data connection to conserve memony

OK. I Cancel

Apply
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3D VISUALIZATION

Rendering a layer only
during navigation
1. Right-click the layer and click
Properties.
Click the Rendering tab.

3. Click the option to Render
layer only while navigating.

4. Click OK.

L e L 1

Scene layers
MypSimpleT N
= MyLargeTIN
Edge type
— Soft Edge
— Hard Edge

Propeities

Genera\l Soulcel Exlentl D\sp\ayl Symbu\ogyl Fields | Base Heights  Flendering

kil

" FRender layer at all imes

" FRender layer orly while navigation has stopped

& Hender laver orly whiz navigating

Diaw simpler lewel of detail if navigation refiesh rate exceeds: | 0.75=H secondfs]

- Effect
™ Shade areal features relative to the scene's light position

¥ e smonth shading if passible

Select the drawing priority related to other layers that may be at the, Iﬁ
same location. This helps to determine which feature gets dravwn on B >
top of the other.

- Dptimi;
% Cache layer for fastest possible rendering speed

" Render layer directly from data connection to conserve memony

QF. I Cancel

Apply

o
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Viewing a scene from different angles

By default, ArcScene has a single window for viewing your You can navigate independently within each viewer window—the
scene, but you can create multiple viewer windows for a scene. navigation tools control the view within the window they’re used
Having additional viewers lets you focus on specific areas from in. You can even make the scene rotate in one viewer and

the best angles while still seeing the whole. navigate in another.

File Edit “iew Selection Tools Window Help

]
|[Ded[+=ex|s ﬁ|@@|w\

[ 4R¢QGAQARTOPER O M
J

30 Analpst = | Laper: Iphoto.tif

|%

=% Scene layers -
=] roads

= cave
-
= photo.tif
alue
High : 255

Lowe: 0 -
4 I I 3
Display I Sourcel
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Managing scene Adding a viewer

Viewe rs 1. Click Window and click Add

Viewer.
Multiple viewers let you see a
scene from different angles at the
same time. Each viewer can be
1ndependently navigated. You can
maximize viewers to fill the
screen, minimize viewers to get
them out of the way, restore
viewers to their previous size, or
close them altogether.

The properties of a scene apply to
all of the viewers.

viz.sxd - ArcScene

&'
File Edit Yiew Selection Tools |wWindow Help

J—
DS a4 =% MF
”‘—@ {:} ﬁ%@ @ Wiewer Manager. . M‘
J

30 Analyzt | Layer: Iphoto tif

I=F Scene layers
= M roads

|
=] . cave ==
- -
sl
4 |

E W phatetif
Dizplay I Sourcel

Add new Wiswer

Closing a viewer

1. Right-click the title bar of the
viewer and click Close.

3D VISUALIZATION

Eestore
Minimize
b aximize
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Managing viewers

1.

Click Window and click
Viewer Manager.

. Click a viewer in the Select

viewer list.

. Click Hide to hide the

selected viewer.

. Click Show to show the

selected viewer.

. If you have minimized a

viewer, you can click Restore
to restore it to its previous
size.

. Click Close Viewer(s) to
permanently close the viewer.

. Click OK to close the Viewer

Manager.

gk viz.sxd - ArcScene

File Edit ¥iew Selection Tools |Window Help

Qoo @ MREEEE

|
EELIEELE
|
|

30 Analyst * | Layer: Iphoto tif

Scene layers
= W rmoads

=

= . cave

=l [ photo tf -
Walue _lJ

Diizplay - o

Show all sub viswers

Yiewer Manager

Select viewer:

Wiewer 1 |

Hide j-—e
Resoe H—@
Clase Viswer(s) ]__0

:
:
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Changing the
viewer settings

You can also change the way you
see a scene in each viewer in
several ways.

You can switch a viewer from a
perspective view to an ortho-
graphic view with no perspective
distortion of scale. This lets you
examine the data in the view as
though it were on a 2D map.

You can change the roll angle
and pitch of a viewer.

You can also change the position
of a viewer and of its target point
by typing X.y,z coordinates.

You can continue to navigate in a
viewer as you view the viewer
settings—the position, pitch, and
roll values are updated in the
View Settings dialog box when
you stop navigating.

Extruded points limitation
Extruded points are not visible in
orthographic view.

If you need to see extruded point

data in an orthographic view, copy

and paste the layer in the scene
and turn off extrusion for the copy.

3D VISUALIZATION

Setting a viewer to 2D

1. Click View and click View
Settings.

2. If you have more than one
viewer for the scene, click the
dropdown arrow and select
the viewer that you want to
change.

3. Click Orthographic (2D view).

You see an orthographic view
of the scene with no perspec-
tive distortion of scale.

4. Click Cancel to close the
View Settings dialog box.

Wiew Selection Tool: Winc

Zoom Data »
Toolbars »
E Table OF Contents
|7 Status Bar

Scene Properties. .

View Settings

Applies bo: I b ain igwer ﬂ
— Positian:
Obgerver Target

X IZDDS‘I.ZS
8 |4?8442.58
Z |-2?4?.1?

Apply |

—Yiewing charactenistics Fioll angle and pitch

Projection: a |
™ Perspective = I’ 16
toonoofooooo ’
]

X |-13329.49
Y |451 677.81
Z |9385.42

Distance to target: 4357382

Vignfield angle:  [55 =

Cancel |

© (4]
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Why can’t | set the roll and
pitch?

Roll and pitch are only applicable
in perspective viewing. If you have
the viewer set to Orthographic, the
pitch and roll controls are

disabled.
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Changing the roll and
pitch of a viewer

1. Click View and click View
Settings.

2. If you have more than one
viewer for the scene, click the
dropdown arrow and select
the viewer that you want to
change.

3. Click the roll slider and drag it
to change the roll.

The artificial horizon and the
viewer roll to the new roll
angle.

4. Click the pitch slider and drag
it to change the pitch.

The artificial horizon and the
viewer pitch to the new pitch
angle.

5. Click Cancel to close the
View Settings dialog box.

Wiew Selection Tool: Winc

Zoom [ ata »

Toolbars »
E Table OF Contents
|7 Status Bar

Scene Properties...

Yiew Settings

Applies to: IMain Wigwer ﬂ
— Position:
Observer Target
¥ [5I6575.74 % [59BEE2.40

¥ [4114704.29

Y. [4115365.45

Z |641.14

Diztance to target:

4207

2 [77o.00

Apply |

—Yiewing characteristics

Projection:
@ Perspective
© Dithographic [20 view)

Fioll angle and pitch

-10

Viewfieldangle:  [55 =]

Can&l
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Specifying the

Finding a target’s
coordinates

With the View Settings dialog box
open, click the Center on Target
tool and click a location in the
scene. The viewer centers on the
target, and you can see its x,),z
coordinates.

3D VISUALIZATION

coordinates of the
observer or target

1. Click View and click View
Settings.

2. If you have more than one
viewer for the scene, click the
dropdown arrow and select
the viewer that you want to
change.

3. Type the x,y,z coordinates for
the Observer.

4. Type the x,y,z coordinates for
the Target.

5. Click Apply to set the viewer
to the new observer and
target coordinates.

6. Click Cancel to close the
View Settings dialog box.

Wiew Selection Tool: Winc

Zoom Data »

Toolbars »
E Table OF Contents
|7 Status Bar

Scene Properties. .

Yiew Settings

Applies to: I b ain Wigwer ﬂ
r— Position
Obzerver Target
e
ACEEEE e O
2fme | 2w
Distance to targek: 431.4 Apply |

()

—iewing characteristics

Frojechion:
% Perzpective
= Orthographic (2D view)

Fiall angle and pitch

Viewfield angle:  [55 =]

lr 2
0

Canil

©
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Setting the properties of a scene

In ArcScene, you can set certain properties—for example,
vertical exaggeration, animated rotation, background color,
extent, and illumination properties—that apply to the scene and
all the layers within it. You can also add comments about the
scene and set its coordinate system. If your scene has multiple
viewers, these properties also apply to all of the viewers.

llluminating a scene from different angles emphasizes different
parts of a surface.

Vertical exaggeration emphasizes variation in a surface.

The background color can make visualizations more realistic.

The tabs of the Scene Properties dialog box let you set the
various global scene properties.

I 15 degress
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Changing the
vertical
exaggeration

Vertical exaggeration can be used
to emphasize subtle changes in a
surface. This can be useful in
creating visualizations of terrain
where the horizontal extent of the
surface 1s significantly greater
than the amount of vertical
change in the surface. A frac-
tional vertical exaggeration can
be used to flatten surfaces or
features that have extreme
vertical variation.

The vertical exaggeration 1s
applied to all layers in a scene.
You can exaggerate a single layer
by changing its z-unit conversion
factor.

3D VISUALIZATION

Right-click Scene layers and
click Scene Properties.

Click the General tab.

Click the Vertical Exaggera-
tion dropdown arrow and click
a vertical exaggeration factor.

Optionally, click Calculate
From Extent to automatically
calculate an exaggeration
factor based on the extent
and z-variation in the scene.

Click OK.

|

= Scene laers gl
=]

topography \"} Add Data..

Y alue

ﬁ Easte Layers|

I High : 288%

ene Properties. .

Dizplay -

Scene Properties

General |Eooldinate S_l,lsteml Extentl lllurnination

Diescription:

Wertical Exaggeration: [

E
Calculate From Extent I—

Background caolor:

05
Muore
2 hd 1

Shiows Current D efault |

° o

all new scenes

I~ Enable Animated Fotat

want the soene bo rotate.

ion

‘Wwhen you uze the Mavigation tool to rotate the scene, hold
down the left mouse button and drag rapidly in the direction you

o ]

Cancel Apply

3
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Using animated
rotation

Rotating a scene is a good way to
get an overview of its contents.
You can make a scene spin
around the current center when
animated rotation 1s enabled.

You can adjust the rotation speed
and the observation angle and
zoom 1in and out while the scene
rotates.
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Enabling animated
rotation

1. Right-click Scene layers and
click Scene Properties.
Click the General tab.

3. Check the check box to
enable animated rotation.

4. Click OK.

The navigate cursor has a
circle around it when ani-
mated rotation is enabled.

:1‘
E—
fence F* AddData..

buildings 2 Paste Layers)
= .

ene Properties...

Drizplay

Scene Properties

General | Coordinate Systeml Extentl Hllurmination

Description:

[
Wertical Exaggeration: INone 'l Calculate From E stent |
Background color: |v| Shaw Current Default |

I~ Use as default in all new scenes

% Enable Animated Rotation

‘when pou uze the Mavigation tool ta rotate the scene, hold
down the left mouse button and drag rapidly in the direction pou
want the scene o rotate.

(] 8 I Cancel

Apply
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Starting animated
rotation

1. After enabling animated
rotation, click Navigate.

The navigate cursor has a
circle around it when ani-
mated rotation is enabled.

2. Click the scene, hold the
mouse button down, drag to
the left or right, and release
the mouse button while the
scene is in motion.

The speed at which the
scene rotates is proportional
to the speed at which the
mouse is moving when you
release the button.

Click the scene to stop the
rotation.

Q0 04QQRLNEROM

}- viz.sud - ArcScene

Fie Edit “iew Selection Tools “Window | Help

DSH|»mex ¢/ @ asn|
PRACQEAQALUMNPIEN O M|

3D Analyst * | Laver: Ipholotif j = 3

|
|
|
J

I

E=% Scene lapers -
El roads

El cave
-
= phato.tif
Walle
High : 255

Law: 0

= O tinl _l;l
4 I »

Dizplay

Changing the rotation
speed

1. While the scene is rotating,
press the Page Up key to
increase the rotation speed
and press the Page Down
key to decrease the rotation
speed.
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Changing the
background color

The background color for scenes
1s white by default. You can
change the background color to
suit your visualization needs.
Various shades of blue can make
the background appear to be a
blue sky, while a black back-
ground can simulate night.

You can quickly set the
backgound to one of the preset
colors or mix your own color.
You can also make the current
background color the default for
all new scenes.
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Setting the background
color

1. Right-click Scene layers and
click Scene Properties.
2. Click the General tab.

3. Click the Background color
dropdown arrow.

4. Click a color.

5. Optionally, click More Colors
to mix your own background
color.

6. Click OK.

=0

B tenain | Add Data..

— V.alu: 2 Paste Layers]
Hiagh

Eanyert|Labels o Anmatation..
L

Diizplay I Source I

-ene Properties. ..

Scene Properties

General | Coordinate Syslaml Exlenll llurnination

Description:

[
Wertical Exaggeration, INDHB i Calculate Fram Extent |

Background calar |v| Show Curent Default

[ Mo Colar ]
OooOooodoooonc

©

OEODO0O00D N
[~ Enable Animated M B O C O EC W HE N
" oy DEEEDONOEEEN
cnyoutseheN  E EEEEEEEEEN
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EDNOO0000OENEED
EEOO000CEEEN
EEENO0OCDEEEN
EEEEEEEEEEEN

Mare Calars...

©

J Sty

°
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Setting the default
background color for
future scenes

1.

Right-click Scene layers and
click Scene Properties.

Click the General tab.

Check the check box to use
the current color as the
background in all new
scenes.

Click OK.

=) temain | AddData..

— V.alut 2 Paste Layer(s]
High
[Eanyert Latbels o dnnatation..
Lo :

Display I Source I

Scem: Properties

General | Coordinate S_l,lsteml Exlentl lllurnination

Drescription:

[
“erlical Exaggeration: INDHE 'l Calculate From Extent

Background calar: |v| Shiowe Current Default |
W

[~ Ernable Animated Fotation

‘when pou uze the Mawvigation toal to rotate the scene, hold
down the left mouze button and drag rapidly in the direction you
want the szene o rotate,

Ok I Cancel Apply

o

181



Changing the Setting the illumination =S

scene azimuth =] topography * addData..
. . Yal
1l . . 1. Right-click Scene layers and i zee PR e
lHiumination click Scene Properties. I 3| Soene Propertiss...
Low : 815
You can set the azimuth and 2. Click the lllumination tab.
altitude of the light source, as 3. Type an Azimuth for the « [
well as the amount of.contr.ast, scene light source.
used in rendering the illumina- lick
tion of the scene. The illumina- 4. Click OK.
tion prc{perties for‘a scene apply 2
to all of the areal features
(including extruded polygon and Scene Properties
hne features) il’l 4. Scene. General | Coordinate System | Extent Il\um\natlnnl
You can control whether ~ Agmuth - Blitue Previen
individual layers are shaded by " o
turning shading on or off on the »
Rendering tab of the layer’s :
Properties dialog. SO & v
I 140 degrees I 30 degrees
. . ’) T
What is the azimuth? s = T e Defauls
The azimuth is the compass
direction from which light source
shines on the scene.
Changing illumination
properties quickly 0K | _ Conce £pply
You can click on the sun graphic in
the Azimuth and Altitude controls e o

and drag it where you want it,
instead of typing values into the
text boxes. The illumination
preview and the values in the text
boxes will change to reflect the
new position.
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Setting the illumination —————— 1

= Scene layers

What is the altitude? altitude ol & i Dt
1 1 1 - . . 4 al

The ;zl?ztzzlde is thelfletghtz mea 1. Right-click Scene layers and HiagrLf EBB‘E Faste lLayers)
sSured in degrees above Ine click Scene Properties. -ene Propertiss. .
horizon, from which light source Lowe - 8151
shines on the scene. 2. Click the Illumination tab.

3. Type an altitude for the scene 4 |

light source. Dl
4. Click OK.

Scene Properties

General | Coordinate Spstern | Extent IIIuminationI

—Azimuth —Atibud Prewview
N o
W%E
s O ®
I 140 degiees I 30 degrees e
~Contrast—————————
" FARREL
L
0 I 50 100 Set Defaults

’TI Cancel Apply
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Setting the illumination

What is the contrast? contrast

The contrast controls the amount 1
of shading applied to a surface.

. Right-click Scene layers and

click Scene Properties.

2. Click the lllumination tab.

184

. Type a contrast value.

Click OK.

————— ]
|

= Scene layers

=] topography \"} Add Data...

Walue 2 Fastelapers)

L : 815

High : 288
Zul Scene Properties...

N
Dizplay

Scene Properties

Genarall Coordinate System | Extent  lumination |

—Azimuth —dltitude Prewview
N o’
W%E
s O ®
I 140 degrees I 30 degrees
— Contrast
D00 00 pOO 000
L
o I 50 100 Set Defaultz

0k I Cancel

Apply

©

o
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Changing the
scene extent

Reducing the extent of a scene
can be a useful way to remove
extraneous information and
increase rendering performance.

By default, the extent of a scene
is the combined extent of all of
the layers in the scene. You can
change the extent of a scene to be
the same as the extent of one of
the layers or set it using specific
minimum and maximum X- and
y-coordinates.

Data that falls outside of the
extent of the scene 1s not
displayed.

3D VISUALIZATION

Setting the extent to a
layer

1. Right-click Scene layers and
click Scene Properties.

Click the Extent tab.

3. Click Layer(s), then click the
Layer(s) dropdown arrow and
click the layer you want to
define the scene extent.

4. Click OK.

N

:i‘
= Scene layers _pral

fence & Add Dats..

buildings B2
. Easte Layer(s]
terrain

cene Properties...

Drizplay I Saurce I

Scene Properties

General | Coodinate Spstern Extent IIIIuminaliDn

Set 20 extent to:

i+ Layer(s)

L

£ Custom

ik |3??3923.5

5 W |4241 01.21875

¥ Wi |3?s1 92825

5 Wi [399724.25

0K I Cancel

Apply
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Setting the extent using
coordinates

1.

Right-click Scene layers and
click Scene Properties.

2. Click the Extent tab.

Click Custom.

Type minimum and maximum
x- and y-values to define the
extent of the scene.

. Click OK.

:1‘
E—
fence F* AddData..

buildings

. 2 Paste Layers)
terrain

.

cene Properties...

Display -

Scene Properties

General | Coordinate System  Extent Ill\um\nation

Set 20 extent o

i Layer(s] Ithe full extent of all layers j

¥ Ma: |37?3323.5
5 Mir [405205 % Ma: |405805 o
¥ Min: |37s1 92825

,TI Cancel Apply

o (5]
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Changing the
scene coordinate
system

If all the data you want to display
in a scene 1s stored in the same
coordinate system—for example,
you’re using your organization’s
database—you can just add it to a
scene and not consider whether
the layers will overlay properly;
they will. If, however, you’ve
collected data from a variety of
sources, you’ll need to know
what coordinate system each
dataset uses to ensure ArcScene
can display them together.

When you add a layer to an
empty scene, that layer sets the
coordinate system for the scene;
you can change it later if
necessary. As you add subsequent
layers, they are automatically
transformed to the scene’s
coordinate system as long as
there’s enough information
associated with the layer’s data
source to determine its current
coordinate system. If there isn’t
enough information, ArcScene
will be unable to align the data
and display it correctly. In this
case, you’ll have to supply the
necessary coordinate system
information yourself.

ArcScene expects coordinate
system information to be stored
with the data source. »

3D VISUALIZATION

Finding out what
coordinate system your
data is currently
displayed in

1. Right-click Scene layers and
click Scene Properties.

2. Click the Coordinate System
tab.

The details of the current
coordinate system are
displayed in the dialog box.

:1‘
S EEREE
ferce F AddData...
buildings
terrain

2 Faste Lavers]

Dizplay -

Scene Properties

General  Coordinate System |Extent| |||umination|

Curient coardinate syster:

MAD_1927_UTM_Zone 1M
Tranzverse Mercator
Falze_Easting: S00000.000000
Falze_Morthing 0.000000
Central_teridiar: -87.000000
Scale_Factor 0.993600
Latitude_0F_Origin: 0.000000

L o

Select a coordinate system:

{7 Favorites
-1 Predefined
-0 Layers
=20 Custom

TN AD 1927 LITM_Zone_1EN

iy |
Impart.. |

Mew...

Add To Favorites |
Remove From Fayvortes |

o]

Cancel |

Apply
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For a layer in a geodatabase, this
information 1s part of the layer’s
metadata. For coverages,
shapefiles, TINs, and rasters, it’s
stored on disk in a separate file
named after the data source but
with a .prj file extension (for
example, streets.prj). These files
are optional files; thus you may
still need to define the coordinate
system for one of these data
sources. You can create a .prj file
with ArcCatalog.

If no coordinate system informa-
tion 1s associated with a data
source, ArcScene will examine
the coordinate values to see 1f
they fall within the range: -180 to
180 degrees for x-values and -90
to 90 degrees for y-values. If they
do, ArcScene assumes that these
are geographic coordinates of
latitude and longitude. If the
values are not in this range,
ArcScene simply treats the values
as planar X,y coordinates.

Changing the coordinate
system of a scene

Changing the coordinate system of
a scene does not alter the coordi-
nate system of the source data
contained in it.

For more information on coordi-
nate systems, see Understanding
Map Projections.
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Displaying data with a
predefined coordinate
system

1. Right-click Scene layers and
click Scene Properties.

2. Click the Coordinate System
tab.

3. Double-click Predefined.

4. Navigate through the folders
until you find the coordinate
system you want and click it.

5. Click OK.

All layers in the scene will
now be displayed with that
coordinate system.

x|

= Scene layers I
Cities F* addData..
Country Boundar}g Pasie Layers]

Drizplay

Scene Properties

General Coordinate System |Extenl| |||umination|

Current coardinate system:

Africa_Sinusoidal

Sinusoidal

False_E asting: 0.000000
Falze_Morthing: 0.000000
Central_teridian: 15000000

GCS_WES_1984

Select a coordinate spstem:

o o

] Favorites

£l {21 Predefined

E|C| Continental

E|C| Africa

@ Africa Albers Equal Area Conic
@ Africa Equidistant Conic:

@ Africa Lambert Confarmal Conic:

- 0 Aeis
I W T -

- tadify... |
Impart... |

Mew...

Add To Favaorites |

;l Femave From Favories |

o]

Cancel | Apply

(5]
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Selecting
features in a
scene

There are several ways to select
features in a scene. The most
direct way to select features is to
click them in the scene with the
Select Features tool or to click
them 1n an attribute table. When
a feature 1s selected it is high-
lighted.

You can also select features by
their attributes as well as by their
location with respect to other
features. For example, you could
select all of the polygons that
you’ve classified as having
moderately steep slope, then
select all of the buildings that are
within these polygons.

T
Learning more about
selection
For more information about
selecting features, see Using
ArcMap.

3D VISUALIZATION

Selecting features
interactively by clicking
in a scene

1. Click the Select Features
tool.

2. Click the feature you want to
select.

The selected feature is
highlighted.

£k Untitled - ArcScene

File Edit “iew Selection Tools “window Help

|
EEERE RTINS
[vqoge@auuO@ErRon
| a0 Anapst = | Lever | 5 2 ‘
x % | W
I=F Scene layers - \\ ™~ ’
= habitats polygon -,

[ ] <all other value
WEG-TYPE
[ BRUSHLAMD
[ JpECIDUOUS |
[ | DISTURBED
[[] GRASSLAND |

D MIXED BRUSI =
4 I I 3
Display

Changing the interactive
selection method

1. Click Selection, point to
Interactive Selection Method,
and click the selection
method you want to use.

Select By Attributes...

Selection Tool: Window Help

% Select By Location. .
@ Zoom To Selected Features
2 Statistics...

Set Selectable Layers...

LClear Selected Features

Optionz. ..

tion Method — » |7 Create Mew Selection

Add to Current Selection

Bemaove From Current S election

Select From Current Selection
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Selecting features
interactively by clicking
on a table

1. Right-click the feature layer
and click Open Attribute
Table.

2. Click the row belonging to the
feature you want to select.

The selected feature is
highlighted.

F'oluaor] 28900.1  816.777585

4
Fecaord: ﬂli" ?_Flil Show:W Selectedl Fiecords

[ <all ather vi B3 Copy
YEG-TYPE % Remove

[]BRUSHLAY .

[JoecipuoL = Refresh

] oisTuREE W ibute Tabls

[]GRAsSLAN )

D MIXED BRI Joing and Relates 3

4 | | Il @ Zoom To Layer
MIMI Selection »
EH Attributes of habitats polygon M=l E3
FID Shape | AREA|PERIMETER| HABITATS#| H =~
21| Palpgon 1065988 1826.712769 21
22| Palpgan 32661, 1152882568 22
23| Polpgon GBIEE. | 2053.242188 23
24| Polpgon 381.9| 155.216349 24
25| Polpgon B3723.| 1638.157837 25
e— — 26| Paolpgon 90853 1896 732666 26

27| Palpgon 24041, 798690308 27
28| Palpgon G602, | 1057.732544 28
29| Paolygon £3440.| 1552570673 24
30| Polpgon 130717 1580950439 30
K|

31_l;|
»
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3D VISUALIZATION

Selecting features by
their attributes

1. Click Selection and click
Select By Attributes.

2. Click the Layer dropdown
arrow and click the layer from
which you want to select
features.

3. Click the dropdown arrow and
click the selection procedure
that you want to use.

The default selection proce-
dure is to create a new
selection, but you can also
add to, remove from, or select
from the current selection.

4. Double-click the attribute field
that you want to select from.

5. Click an operator, for ex-
ample, the equals sign.

Double-click a value.

7. Optionally, click Verify to
check your selection expres-
sion.

Click Apply.
Click Close.

The features are selected.

Selection Tool: Wwindow Help

tribaat
% Select By Location. .

@ Zoom 1o Selected Features
v Statistics,.

Set Selectable Layers...

[l Clear Selected Features

Interactive Selection Method  »

Dptionz. ..

Select By Attribute

Layer: I counties

Select procedure : ICreala i3 new selection

Fieldz

EME

T e

“WE_CNTRY" _<| LI il
[ o e s

A | ] _saLinfo.. |

“FID = | <>| Likel "Monmay' ‘l
N AME"

Unique zample values

FoErd |
"Fiuszia’
"Sweden’
Ukraine'

‘United Kingdom'

4| I *

Complete List |

> 500

SELECT *FROM chiny3dv2 WHERE:

"MAME" = "United States'

Clear Werify Help | Load.. | Save.. |

Apply Claze |

@ o0 o
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Selecting features by
their location

1.

Click Selection and click
Select By Location.

Click the dropdown arrow and
click a selection method.

Check the layers whose
features you would like to
select.

Click the dropdown arrow and
click a selection method.

Click the dropdown arrow and
click the layer you want to
use to search for the fea-
tures.

Optionally, check to use only
the selected features.

Optionally, check Apply a
buffer to the features in
<layer> and set the distance
within which to search for
features.

Click Apply.

Click Close.

The features are selected.

Select By Attributes..

Selection Tool: Window Help

)

2 Statistics...

@ Zoom To Selected Features

Set Selectable Layers...

[ Clear Selected Features

Interactive Selection Method  p

Options. ..

Select By Location

Lets you select features from one or more layers based on where they are located

in relation to the features in another layer.

| want ko

HE

Iselect features from

the following layers:

[

[w] sites
[ lcountry

that:

I intersect

the features in this layer:

¥ Usze selected features

[1 features selectad)

[~ Apply a buffer to the features in country

sk {0.000000

IUnknown Units v;

&ege ® 0

- Prewview

The red features represent the features in country,
The highlighted cvan features are selected becauze they
intersect the red features.

G o

A0
23

Lires

Folygons

Apply | Cloze I

0O O
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Exporting a
scene

You can export a 2D image of a
scene to a graphics file, or you
can export a 3D Virtual Reality
Modeling Language (VRML)
model. Images of scenes can be
saved in several common file
formats and placed in other
documents—for example, in
maps or reports.

Tip
Taking a snapshot of a

scene
Sometimes you just need a quick

snapshot of a scene. Click Edit and

click Copy scene to clipboard. You
can then paste the snapshot onto a
map or other document.

3D VISUALIZATION

Exporting a 2D graphic of
a scene

1. Click File, point to Export
Scene, and click 2D.

2. Navigate to the location
where you want to save the
image of the scene.

3. Click the dropdown arrow to
choose the graphics file
format to export.

4. Type the width of the ex-
ported graphic in pixels.

5. Type a name for the graphic.

6. Click Export.

The scene is exported to a
2D image.

File Edit Yiew Selection Tool: Window Help
O Mew.. D+
= Open... Chrl+0
[ save Chr+S

Save Az

. sddData..

& Frint...

Diocurnent Properties. .

Exit Alt+Fa

Scene Export

Save Ia Export ﬂ ﬁl
File name: IMyScene Export i—

Save as type: IBMF’ [*.brp)

Scene Size: ||1°2°3: pirelz

-

Cancel |
Options... |

o o

0
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Exporting a 3D VRML

model of a scene

1. Click File, point to Export
Scene, and click 3D.

2. Navigate to the location
where you want to save the
VRML model.

3. Type a name for the VRML
file.

4. Click Export.

The scene is exported to a
VRML file.

File Edit Yiew Selection Tools Window Help
O Mew.. Ctl+N
= DOpen... Chrl+00
& save Chrl+5

Save Az

& sdd Data.

& Frint...

Diocurnent Propertiss. .

Exit Alt+F4

Save jn: Ia Export

Rd s =i s

File narne: |My\fF|ModeI

Export j— —o

Save az hype: IVHML [ varl]

j Cancel |
Options. .. |
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Printing a scene

When you want a hard copy of a
scene, you can print one. You can
quickly print to your default
printer, or you can change the
page setup to select another
printer and specify the details of
how you want the scene to print.

3D VISUALIZATION

Click Print.
Optionally, click Setup.

Optionally, click the dropdown
arrow to select a printer.

Optionally, click the dropdown
arrow to select a page size.

Optionally, click Portrait or
Landscape to select the page
orientation.

Optionally, click the dropdown
arrow to select a printer
engine.

Optionally, click OK.

Click OK on the Print dialog
box.

DEEEG smEX T E Qs N

Print

21|

- Frinter
Mame:  \OMMNIVHPESO00PS
Statuz:  Ready
Tppe: HP CLJ 8500 - PS
wihers:  46.7.37121:Réw

]

! Pages from:|1— b |1—

£ Scale map b fit printer paper

) Proceed with grinting, seme cizping

Comment: N2E Plotter Room ™ Print to file
r— Map Larger than Printer Paper i Printer Engit
£ TiilE rriap b printen peper
“Windows Printer

Properties.

— Copies

Humber of copies: I1 _,::l

Mag oEEnT,
u] | Cancel
0
Page Setup
— Map Si; — Printer Setup
Marme:

Standard Page Sizes:

I =
widh: [ 85 [inches =]
Height: 11

Page Drientation:

I SSOMNISHPEE00RS

Printer Page Size:

ILeller

Page Orientation:
1+ Portrait

Printer Engine:

 Landscape

e
Q000

- " il
& Forirait ) [Landseane IWlndows Printer i
~ Map Setup
Dutput Image Quality: ¥ Scale map elements propartionally
Fast Momal Best to changes in page size

¥ Show printer margins on Layout

Canel

®
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Glossary

3D feature

A representation of a real-world object in a map or scene with z-values stored within the feature’s
geometry. Features have geometry and may also have attributes stored in a feature table. PointZ,
PolylineZ, PolygonZ, and Multipatch feature classes and shapefiles may contain 3D features.

3D graphic
A graphic object in a map or scene with z-values stored in the graphic’s geometry. Graphics do not
have attributes.

altitude

1. The height, z-value, or vertical elevation of an object above (or below) a given reference datum
(for example, sea level).

2. The height above the horizon—measured in degrees—from which a light source illuminates a
surface; used when calculating a hillshade or for controlling the position of the light source in a
3D scene for on-the-fly shading.

ArcScene

An ArcGIS application for combining and viewing features, surfaces, and graphics in 3D
perspective.

area
1. The planimetric area of a polygon feature or surface.

2. The surface area of a 3D surface or of the portion of a surface above or below a reference plane.
Surface is measured along the slope of a surface and is always greater than the 2D planimetric
extent of the surface. When compared to the planimetric area, surface area gives you an idea of
the surface roughness.

aspect

The direction a slope faces. The aspect for a TIN face is the steepest downslope direction of the
face. The slope at a cell in a raster is the steepest downslope direction of a plane defined by the cell
and its eight surrounding neighbors.

attribute

A piece of information describing a map feature. The attributes of a census tract, for example, might
include its area, population, and average per capita income.

197



autocorrelation

The statistical relationship among the measured points, where the
correlation depends on the distance and/or direction that
separates the locations.

azimuth

A compass direction. In 3D Analyst and ArcGIS™ Spatial
Analyst, the direction from which a light source illuminates a
surface is called the azimuth.

background

1. You can set the color of the background of a scene to suggest
sky, empty space, or any color that suits your visualization
purpose. The default background color is white.

2. Some rasters (typically images) have border areas that are
outside of the area for which image data was collected. This
area is often assigned an arbitrary value (often black, or 255).
You can control the display of these parts of a raster by setting
the background color on the Symbology tab of the Layer
Properties dialog box. See also nodata.

base height

The height at which a surface, raster, or feature is drawn in a
scene. You can set the base height for features and rasters from a
surface or by using a constant value or expression. Features with
z-values stored in their geometry can have their base height set
using the z-values. Setting the base heights from a surface is also
called draping.

bin
A classification of lags, where all lags that have similar distance

and direction are put into the same bin. Bins are commonly
formed by dividing the sample area into grid cells or sectors.
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categorical raster

A raster that represents the world with a set of values that have
been aggregated into classes. For example, a satellite image that
has been reclassified to extract a number of land cover types is a
categorical raster. Categorical rasters represent an arca, but the
values do not form a continuous surface. See raster.

continuous raster

A raster that represents the world with a set of values that vary
continuously to form a surface. For example, a raster digital
elevation model and an interpolated chemical concentration
surface are continuous rasters.

contour

A line that connects points of equal value on a terrain surface (an
isoline).

drape

To set the base height for features or a surface using a

surface. When you drape a layer over a raster surface, the
resolution of the base surface is automatically downsampled to
increase performance. You can change the resolution of the base
surface if the default is unsatisfactory.

drawing priority

The order in which layers that occupy the same x,y,z positions are
drawn in a scene. For example, if you have a road feature layer
and an orthophoto draped over the same terrain model, the roads
and raster may appear patchy or broken where they coincide. You
can reduce the drawing priority for the raster so it will appear
below the features. You can only change the drawing priority for
areal features and surfaces.
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edge

The linear segments between nodes in a TIN surface. Edges store
information about the faces that they border. Linear features and
the perimeters of polygon features used to generate a TIN
become edges in the TIN.

extrusion

You can extrude 2D point, line, and area features in a scene into
vertical lines, planes, and solids. Use extrusion to show the depth
of well point features or the height of building footprint
polygons.

face

Triangles form the faces on a TIN surface. Each face on a TIN
surface is defined by three edges and three nodes and is adjacent
to one to three other faces on the surface. TIN faces are used to
calculate aspect and slope information and may have stored tag
values.

grid
A geographic representation of the world as an array of equally

sized square cells arranged in rows and columns. Each grid cell is
referenced by its geographic x,y location. See raster.

hillshade

The hypothetical illumination of a surface. A hillshade raster can
be calculated for a given surface, or hillshading can be applied on
the fly to surfaces and areal features in a scene.

IDW

Inverse Distance Weighted. An interpolation method where cell
values are estimated by averaging the values of sample data
points in the vicinity of each cell. The closer a point is to the
center of the cell being estimated, the more influence, or weight, it
has in the averaging process.

GLOSSARY

image

Represents geographic features by dividing the world into
discrete squares called cells. Examples include satellite and aerial
photographs, scanned documents, and building photographs.
See also raster.

interpolate

To predict values for a surface from a limited number of sample
data points.

Kriging

A geostatistical interpolation method based on statistical models
that include autocorrelation (the statistical relationship among the
measured points). Kriging weights the surrounding measured
values to derive a prediction for an unmeasured location. Weights
are based on the distance between the measured points, the
prediction location, and the overall spatial arrangement among
the measured points.

lag

The line (vector) that separates any two locations. A lag has
length (distance) and direction (orientation).

line of sight

A graphic line between two points on a surface that shows
whether or not the view along the line is obstructed.

natural neighbors

An interpolation method where cell values are estimated using
weighted values of the closest surrounding input data points,
determined by creating a triangulation of the input points.

navigate

To interactively change the perspective view of a scene by
moving the mouse.
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nodata

Some rasters (typically grids) have empty cells within the area for
which data was collected. These cells are often assigned an
arbitrary value (often -9999. or nodata). Rasters with some nodata
cells are also created by some raster analysis tools. You can
control the display of these parts of a raster by setting the nodata
color on the Symbology tab of the Layer Properties dialog box.
See also background.

node

A location on a TIN surface at the intersection of two or more
edges. Nodes on a TIN surface store elevation (z) values and may
have tag values. Point features used to generate a TIN become
nodes in the TIN.

nugget

A parameter of a covariance or semivariogram model that
represents independent error, measurement error, and/or
microscale variation at spatial scales that are too fine to detect.
The nugget effect is seen as a discontinuity at the origin of either
the covariance or semivariogram model.

observer
The position of the scene viewer relative to the data in the scene.

observer offset

The height of the observer point above a surface used when
calculating lines of sight and viewsheds

offset

To change the z-value for a surface or features in a scene by a
constant amount or by using an expression. Offsets may be
applied to make features draw just above a surface.
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orthographic view

Allows you to view the data in a scene as a 2D plane seen from
above. There is no perspective foreshortening in orthographic
view, so scale is constant across the entire display.

perspective view

Allows you to view the data in a scene in 3D from a perspective
that you can control by navigating the scene or from a specified
position.

profile graph
A graph of the height of a surface along a specified line.

range

A parameter of a variogram or semivariogram model that
represents a distance beyond which there is little or no
autocorrelation among variables.

raster

Represents any data source that uses a grid structure to store
geographic information. See grid and image.

raster resolution

The size of the cells in a raster. Only features larger than or equal
to the cell size can be discerned in a raster.

scene

A document used for interactive display and query of geographic
datain 3D.

semivariogram
The variogram divided by two.
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sill

A parameter of a variogram or semivariogram model that
represents a value that the variogram tends to when distances get
very large. At large distances, variables become uncorrelated, so
the sill of the semivariogram is equal to the variance of the
random variable.

slope

Slope is the incline, or steepness, of a surface. The slope of a TIN
face is the steepest downhill slope of a plane defined by the face.
The slope at a cell in a raster is the steepest downhill slope of a
plane defined by the cell and its eight surrounding neighbors.
Slope can be measured in degrees from horizontal (0-90) or
percent slope, which is the rise divided by the run, times 100. A
slope of 45 degrees equals 100 percent slope. As slope angle
approaches vertical (90 degrees), the percent slope approaches
infinity.

spline

An interpolation method where cell values are estimated using a
mathematical function that minimizes overall surface curvature,

resulting in a smooth surface that passes exactly through the
input points.

steepest path

A line that follows the steepest downhill direction on a surface.
Paths terminate at the surface perimeter or in surface concavities
or pits.

stretch

Applied to a raster to increase the visual contrast in brightness
between its cells.

GLOSSARY

surface

A set of continuous data such as clevation or air temperature
over an area or the boundary between two distinct materials or
processes.

target

The center point around which a scene viewer moves when you
navigate.

target offset

The height of a target point above a surface used when
calculating lines of sight and viewsheds.

TIN

Triangulated irregular network. A data structure that represents a
continuous surface through a series of irregularly spaced points
with values that describe the surface at that point (for example, an
elevation). From these points, a network of linked triangles forms
the surface.

triangle

Triangles form the faces on a TIN surface. Each triangle on a TIN
surface is defined by three edges and three nodes and is adjacent
to up to three other triangles on the surface. TIN triangles can be
used to derive aspect and slope information and may be
attributed with tag values.

variogram

A function of the distance and direction separating two locations
that is used to quantify autocorrelation. The variogram is defined
as the variance of the difference between two variables at two
locations. The variogram generally increases with distance and is
described by nugget, sill, and range parameters.
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variography

The process of estimating the theoretical variogram. It begins
with exploratory data analysis, then computing the empirical
variogram, binning, fitting a variogram model, and using
diagnostics to assess the fitted model.

vertical exaggeration

The amount by which the z-values in the scene are multiplied in
order to enhance details in the shape of the surface. Scenes may
appear flat when the range of x- and y-values is much larger than
the z-values—setting vertical exaggeration can compensate for
this by increasing relief.

viewer

An additional window that allows you to view the 3D data in a
scene from another angle. You can have multiple viewers in a
scene.

viewshed

The viewshed identifies the areas on a surface that can be seen
from one or more observation points or lines. This is useful for
applications where the visibility of an object is important such as
finding well-exposed places for communications towers or hidden
places for landfills or other facilities.

volume

The space (measured in cubic units) between a surface and a
plane at a specified elevation. Volume may be calculated above or
below the plane.

Z factor

The number of ground X,y units in one surface z-unit. The input
surface values are multiplied by the specified Z factor to adjust
the output raster z-units to another unit of measure.

202

z-value

A value represented on the z-axis in a three-dimensional x,y,z
coordinate system. The values of a terrain or chemical
concentration surface can be used as z-values when rendering
the surface in 3D. Numeric attributes of features, for example, the
number of floors in a building, can also be used as z-values.
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Symbols

3D Analyst
ArcGIS extension 1
3D contour graphics
copy from map to scene 125
3D feature
creating 147
creating by digitizing 149
defined 197
3D feature class
creating 91
3D geometry
features with 157
3D graphic contour lines 125
3D graphics
adding to a scene 154
creating 91, 147
creating by digitizing over a surface 150
defined 197
pasting into ArcScene 154
using in ArcScene 150
3D line feature
profiling 136
3D line graphic
adding to a scene 154
3D point graphic
adding to a scene 154
3D polygon feature limitation 149
3D polygon graphic
adding to a scene 154
3D properties
of layers 77
3D View Preview
in ArcCatalog 79
3D View preview
data appears flat 81
3D View toolbar
in ArcCatalog 79
3D viewing properties
Base Heights tab 86

3D viewing properties
Extrusion tab 86
Rendering tab 86

A

Add features

toa TIN 71
Adding

a viewer to a scene 171

features to a TIN 74
Adding 3D graphics to a scene 154
Adding a single band

of a multiband raster 100
Adding a viewer 171
Adding data from ArcCatalog 152
Adding data from ArcMap 153
Adding data in ArcScene 152
Adding depth in 2D 134
Adding selected features

toa TIN 74
Adjust Transparency tool

in ArcMap 113
Advanced parameters

in kriging 64
Altitude

detined 197

described 183

for scene illumination 182

in hillshading 132

setting for scene illumination 183
Analysis mask

and nodata 67

described 67
Analysis results

specitying location to save 66
Analyzing surfaces 115
Analyzing visibility 128
Animated rotation 176, 178

starting 179
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ArcCatalog
extended by 3D Analyst 1
managing 3D data 77
opening a scene from 90
starting ArcScene from 90
ArcCatalog basics 78
ArcMap
adding data from 153
adding layers from 153
copying 3D graphics from 154
displaying surfaces 93
extended by 3D Analyst 1
setting transparency 113
ArcScene
3D viewing application 1
detined 197
displaying surfaces 93
introduction to 1
pasting 3D graphics to 154
simplified symbology of layers 153
Area
defined 197
Aspect
calculating 122
detined 197
deriving from a surface 123
described 118
drawing TIN faces by 104
quantifying the shape of a surface 118
raster calculation 118
rendering a TIN 93
TIN calculation 118
Attribute table
seeing geometry type in 157
Attributes
detined 197
of features 155
selecting features by 191
setting base heights from 87, 155
storing z-values of features 155
Autocorrelation
defined 198
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Azimuth
defined 198
described 182
for scene illumination 182
in hillshading 132

B

Background
defined 198
setting color of in rasters 98
values in a raster 102
Background (raster)
rendering 93
Background color
changing for scene 180
of ascene 152, 176
setting the default 181
Band colors
changing in a multiband raster 100
Barriers
in IDW interpolation 52
described 59
Base height
defined 198
examining for a layer 156
not applied in ArcMap 153
of raster layer 163
setting for a raster 94
setting for feature layers 156
setting for raster layer 164
setting from a surface 159
setting using a surface 88
setting using an attribute 87, 157
Base resolution
of raster 163
Bin
defined 198
Breaklines
hard 71
input features for a TIN 71

Breaklines (continued)
soft 71
use of 71
Browsing
data in ArcCatalog 78
Building a TIN 73

C

Calculate

base height 157

extrusion expression 160

scene vertical exaggeration 177
Calculate from Extent

scene vertical exaggeration 177
Calculated value

adding to base height 167
Calculating aspect 122
Categorical raster

defined 198

discussed 97
Cell size

for analysis results 70

of base surface 164
Centering 83

shortcut 83
Changing band colors 100
Changing classes

in reclassifying data 140
Changing illumination properties quickly 182
Changing input ranges to unique values

in reclassifying data 142
Changing the background color 180
Changing the band color assignments 99
Changing the classification of input ranges 142
Changing the interactive selection method 189
Changing the light source 114
Changing the rotation speed 179
Changing the scene extent 185
Changing the scene illumination 182
Changing the slope of a TIN surface 106
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Changing the vertical exaggeration 177

Classify

raster data 93
Clip polygons

creating TINs with 72
Closing a viewer 171, 172
Color

background of scene 176

setting for background 102

setting for nodata 102
Color Ramp

for raster 98

setting for raster 96
Color Scheme

setting for raster 97
Complex data

rendering performance 168
Computing hillshade 132
Constant

adding to base height 167

extruding features to a 89
Contents tab

described 78
Continuous raster

defined 198

discussed 96

drawing using a color ramp 96
Contour

creating 3D graphics 125

creating a single contour 125

defined 198
Contour line

adding to a scene 154
Contour lines

representing surfaces with 118
Contour tool

creating a single contour 119
Contours

described 119, 124

using in a scene 124

INDEX

Contrast
described 184
for scene illumination 182
stretching a raster 98
Controlling when a layer is rendered 168
Converting
raster data to features 145
raster to TIN 75
raster to vector data 144
TIN data to features 146
TIN to raster 76
TINs to vector data 144
units for z-values 166
z-units to X,y units 166
z-values 166
Coordinate system
for analysis results 68
of ascene 187
predefined 188
Coordinates
setting scene extent using 186
Copy
3D graphic in ArcMap 154
Copy scene to clipboard 193
Copying
graphics from ArcMap 154
Copying and pasting 3D graphics from ArcMap
154
Creating 3D features 147
Creating 3D features by digitizing over a surface
149
Creating 3D graphics 147
Creating 3D graphics by digitizing over a
surface 150
Creating a 3D thumbnail 85
Creating a hillshade raster 133
Creating a layer 86
Creating a line of sight 130
Creating a new scene 152
Creating a single contour 127
Creating TINs
described 71

Custom conversion
for z-values 166

D

Dashed lines

not applied in ArcScene 153
Data

adding from ArcCatalog 152

adding from ArcMap 153

adding to ArcScene 152

rendering performance 168
Default

location for temporary rasters 66
Default background color

setting 181
Detault color

of bands in multiband raster 101
Defining the 3D properties of a raster layer 164
Defining the z-values for a layer 156
Degree and percent slope 121
Degree slope 120
Degrees

measuring aspect 122
Deriving a hillshade of a surface 133
Deriving a viewshed 131
Deriving aspect 123
Deriving contour lines 119
Deriving contours 126
Deriving features height from a surface 147
Deriving features height using an attribute 148
Deriving slope 121
Digitizing

creating 3D features 149
Discontinuous

rasters 163
Display TIN nodes

by tag value 110

with a single symbol 110
Displaying 2D data in 3D 86
Displaying Map Tips for features 117
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Displaying Map Tips for surfaces 116
Displaying TIN edges with the same
symbol 112

Displaying TIN nodes by Tag value 110
Drape

defined 198
Draping

2D features over a surface 156
Draping a raster on a surface 94
Draping features

in scene 155
Drawing priority

defined 198
Drawing TIN edges grouped with unique

symbol 112

Drawing TIN faces by aspect 104
Drawing TIN faces by elevation 103
Drawing TIN faces by slope 106
Drawing TIN faces by tag value 108
Drawing TIN nodes by elevation 110

E

Edge
defined 199
TIN component 49
Edges
drawing with unique values 112
rendering a TIN 93
Editing a 3D feature class 91
Effects toolbar
in ArcMap 113
Elevation
displaying TIN faces 103
Empirical semivariogram
fitting a model to 55
Empty feature classes
creating 91
Empty shapefile
creating 91
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Enhancing performance

rendering 168
Erase polygon

creating TINs with 72
Examining the base heights of a layer 156
Exponential

semivariogram model 55
Exporting a graphic of a scene 193
Exporting a VRML model 194
Extent

changing for a scene 185

for analysis results 69

of scene 176

setting for a scene 185

setting using coordinates 186
Extruding features

in a layer 160

in scenes 155

using a constant 89

using an attribute 89

using an expression 89
Extrusion

applying in different ways 161

detined 199

described 89

not applied in ArcMap 153
Extrusion expression

calculating 89, 160

loading 89

F

Face
defined 199
Feature
typical geometries of 155
Feature class
adding to a scene 152
creating 3D shapes 91
Feature data
described 155

Feature data (continued)
using in a scene 155
Feature data and 3D 155
Feature height
from an attribute 148
Feature layer
rendering in 3D 156
Features
attributes of 155
deriving from rasters 144
deriving from TINs 144
displaying in 3D 155
lacking z-values 155
selecting by attributes 191
selecting by location 192
selecting in a scene 189
shape 155
File extensions
of coordinate systems 188
Fill polygons
creating TINs with 72
Finding out the coordinate system
for a scene 187
Finding the steepest path 137
Fitting a model
empirical semivariogram 55
Fixed Search Radius 57
Flat surface
2D features initially rendered on 156
raster initially drawn on 164
rasters rendered as 156
Full extent 82

G

Geography view

in ArcCatalog 79
Geometry

of features 155
Graduated colors

used in ArcScene 153
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Graduated symbols Tllumination Inverse Distance Weighted (IDW)

used in ArcScene 153 of ascene 152, 182 defined 199
Graphic setting the altitude 183 described 51
exporting a scene 193 settings for a scene 119 details 52
Grid Illumination contrast
defined 199 setting 184 K
Grouping entries Illumination properties
in reclassifying data 141 of scene 176 Kriging
Tlumination advanced parameters 64
H setting the azimuth 182 defined 199
Image described 51
Hard breaklines defined 199 details 53
described 71 draping over a surface 163 fixed radius 64
Heights raster 163 interpolation 63
offsetting in a layer 167 setting base height from a surface 155 methods 58
Hide Input features Ordinary 58, 63
aviewer 172 building a TIN' 71 Universal 58, 63
Hillshade Input ranges variable radius 63
adding depth to 2D maps 134 in reclassifying data 142
creating 133 Interpolate L
creating a raster 119 deﬁned 199
defined 199 line 149, 150 Lag
described 118, 132 point 149, 150 defined 199
on the fly 119 polygon 149, 150 Lag size
surfaces 118 Interpolatmg using IDW in kriging 64
Histogram ﬁxc?d radlus‘ 60 Landmarks
when stretching raster 98 varlablﬁ? radlqs >9 . rendering simple layer during navigation 168
Hulls Interpolatl}ng using NaFural Neighbors 65 Launch ArcScene 90
described 72 Interpolapmg using spline Layer
in TIN creation 72 regqlarlzed 62 adding a constant to base height 167
tenswnA 61 adding from ArcMap 153
| Interpolation adding to ArcScene 152

assumption of 50
creating surface models 47
described 50

Kriging 63

creating in ArcCatalog 77
defining 3D properties of 164
defining z-values 156

Identify 116
Identifying features 116
Identifying surfaces 116 I lafi hod examining base heights of 156
IDW (Inverse Distance Weighted) nterpp ation methods extruding features in 160
- available . . S
defined 199 described 51 rendering only during navigation 169
described 51 eseribe dering only when stopped 168
eseribe available in 3D Analyst 47 FoRCETInG Oy WACH S0ppe
details 52 shading 114

symbology of 153
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Line features

used to represent 155
Line of sight

adding to a scene 154

and color of line 128

creating in ArcMap 130

defined 199

described 128

pasting into a scene 128
Load

remap table for reclassity 140
Location

selecting features by 192
Lookup codes

using tag values to store 108

M

Major range

in Kriging 64
Making a layer transparent 113
Making a prediction 56
Manage

3D data with ArcCatalog 77
Managing scene viewers 171
Managing viewers 172
Map Tips

displaying for features 117

displaying for surfaces 116
Mask

for analysis results 67
Mass points

input features for a TIN 71
Metadata tab

described 78
Minimum Count

in fixed radius IDW

described 60

Modeling shadows 133
Multiband raster

adding a band 100
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Multiband raster (continued)

as RGB composite 93

band color assignment 99

turning bands off 100
Multilayer symbols

not applied in ArcScene 153
Multipatch

automatically rendered in 3D 156
Multiple viewer windows 170

N

Natural Neighbors
defined 199
described 51
Natural Neighbors interpolation
described 65
Navigate
defined 199
Navigating in 3D 81
Navigation
rendering a layer only during 169
rendering a layer only when stopped 168
rendering simple layer during 168
NoData
and analysis masks 67
detined 200
in reclassifying 143
reclassifying data 139
rendering 93
setting color in raster 98
unknown values in a raster 102
Node
detined 200
drawing TIN nodes elevation 110
rendering a TIN 93
TIN component 49
Nugget
detined 200
in Kriging 64
semivariogram 56

Number of columns

of base surface 164
Number of points

described 62

in spline interpolation 52

in tension spline 61
Number of rows

of base surface 164

O

Observer

detined 200
Observer offset

detined 200

described 130
Offset

detined 200

in deriving contours 126
Offsetting the heights in a layer 167
Opening an existing scene from ArcCatalog 90
Ordinary Kriging 58
Orthographic view

detined 200
Output cell size

for analysis results 70
Output extent

for analysis results 69
Overriding default cell size 70

P

Page Down

animated rotation 179
Page Up

animated rotation 179
Parameters

in Kriging 64
Partial sill

in Kriging 64
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Paste

3D graphic in ArcScene 154
Paste Layer

into ArcScene 153
Pasting

graphics from ArcMap 154
Percent slope 120
Performance

rasampling base surface 164
Performance enhancement

rendering 168
Perspective view

detined 200
Point features

used to represent 155
PointZ 81, 149, 155, 157

automatically rendered in 3D 156
Polygon features

used to represent 155
Polygons

input features for a TIN 71
PolygonZ 81, 149, 157

automatically rendered in 3D 156
PolylineZ. 81, 149, 157

automatically rendered in 3D 156
Power

in IDW interpolation 52

described 59

Predefined

z-unit conversion 166
Preview tab

described 78

viewing 3D data in ArcCatalog 77
Previewing

data in ArcCatalog 78
Primary display field

shown in Map Tip 117
Printing a scene 195
PRI file (projection file) 188
Profile

use of 136

INDEX

Profile graph
detined 200
Profiling a 3D line feature 136
Projection file (PRJ) 188
Properties
of scene apply to all viewers 176
setting 3D properties of layers 156
setting for a scene 176

R

Radius type
in IDW interpolation 52
Range
detined 200
semivariogram 56
Raster
cell size 48
converting to TIN 75
detined 200
deriving contours 119
draping over a surface 94
hillshade 133
image 48
locational precision 48
setting base heights for 94
symbology 93
thematic 48
unknown values 102
ways of displaying 95
Raster data and 3D 163
Raster layer
defining 3D properties of 164
setting base height 164
Raster resolution 164
detined 200
Raster tab 101
Rasters
categorical 97
continuous 96
described 48

Rasters (continued)
drawing using color ramp 96
initially rendered at O plane 156
Reclassifying data
and Nodata 139
described 139
Red-Green-Blue (RGB)
composite 99
Regularized
spline interpolation method 53
Regularized spline
described 62
Rendering
controlling when a layer is shown 168
not applied in ArcMap 153
performance enhancement 168
Rendering a layer only during navigation 169
Rendering a layer only when navigation is
stopped 168
Rendering tab 114, 168, 169
Replace polygons
creating TINs with 72
Replacing NoData values 140
Replacing values based on new information 140
Resample
base surface for draping raster 164
Resolution
of base surface 164
Restore
aviewer 172
RGB (Red-Green-Blue)
composite 99
RGB composite
displaying multiband rasters 93
Rotation
animated 176, 178
starting 179
Rotation speed
changing 179
of scene 178
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Runoft patterns
and steepest path 137

S
Save

remap table for reclassity 140
Saving

setting a default location 66
Scene

adding feature classes 152
background color 152
changing background color 180
coordinate system of 187
copy to clipboard 193
creating 152
default background color 181, 182, 183,
184, 185, 186, 188
detined 200
exporting as a graphic 193
exporting VRML 194
extent 176
llumination 152
illumination properties 176
managing viewers 171
opening from ArcCatalog 90
printing 195
selecting features in 189
setting properties of 176
vertical exaggeration 152
Scene extent
changing 185
Scene illumination
changing 182
Scene properties
apply to all viewers 176
Scene viewers
managing 171
Search Radius 57
fixed 57
variable 57
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Search tool

finding data in ArcCatalog 80
Selecting features by their attributes 191
Selecting features by their location 192
Selecting features in a scene 189
Selecting features interactively 189, 190
Selecting the surface to supply z-values 150
Selection method

changing 189
Semivariogram 54

defined 200

nugget 56

range and sill 56
Semivariogram models

types of 55
Setting

a layer's base heights using a surface 159

a raster's base heights using a surface 164

an analysis mask 67

base heights using a surface 88

base heights using an attribute 87

layer properties 86

the background color 102, 180

the base height from an attribute 157

the coordinate system for analysis results 68

the default background color 181

the default color band assignments 101

the extent to a layer 185

the extent using coordinates 186

the illumination altitude 183

the illumination azimuth 182

the illumination contrast 184

the NoData color 102

the output cell size 70

the output extent 69

the properties of a scene 176

the Snap extent 69

values to NoData 143
Shading 114

alayer 114

a raster surface in a scene 135

Shading (continued)
a raster with a hillshade 134
areas in a scene 135
of raster 163
surfaces 93
TIN faces 114
Shape
of features 155
Shapetile
creating 3D shapes 91
Show
aviewer 172
Sill
defined 201
semivariogram 56
Simple layer
rendering during navigation 168
Simple symbols
used in ArcScene 153
Slope
calculating 120
defined 201
described 118
expressed as percentage 120
expressed in degrees 120
quantifying the shape of a surface 118
raster calculation 118
rendering a TIN 93
TIN calculation 118
Snap extent
setting 69
Snapshot
copy to clipboard 193
Soft breaklines
described 71
Spatial autocorrelation
discussed 54
Specifying a Z factor
in hillshading 133
Speed
changing for scene rotation 179

UsinG 3D ANALYST



Spherical
semivariogram model 55
Spline
defined 201
described 51
details 52
Starting animated rotation 179
Steepest path
adding to a scene 154
checking TIN integrity 137
defined 201
finding 137
Stretch
defined 201
described 98
raster data 93
Stretch type 98
Structural analysis
in Kriging 54
Surface
defined 201
described 48
setting feature base heights from 159
using to set base heights 88
Surface area 1
Surface model
creating 47
described 48
raster 47
setting base heights of features 155
TIN 47
Surface to vector transformation
reclassify step 139
Surfaces
analyzing 115
defined 201
displaying 93
Symbolize
TIN features 103
Symbology
of raster 163
simplified in ArcScene 153

INDEX

T

Table view
in ArcCatalog 79
Tag value
described 108
displaying TIN faces 108
Taking a snapshot of a scene 193
Target
detined 201
Target offset
detined 201
described 130
Temporary rasters
deletion of 66
Tension
spline interpolation method 53
Tension spline
described 61
Thematic raster 163
draping over a surface 163
drawing with unique values 97
Thumbnail
creating 3D thumbnails 77
TIN (triangulated irregular network)
adding features 71, 74
adding selected features to 74
automatically rendered in 3D 156
components of 49
creating 71
detined 201
deriving contours 119
described 48
displaying elevation 93
resolution 49
symbology 93
TIN edges
drawing with unique symbols 112
TIN face shading 114
TIN faces
displaying by slope 106
displaying elevation 103

TIN faces (continued)

drawing by aspect 104

drawing by tag value 108
TIN integrity

checking with steepest path 137
TIN nodes

drawing by elevation 110
Transparency

setting for hillshade 134
Transparent

making a layer 113

surfaces 93
Trend

described 51
Triangle

detined 201

TIN component 49
Triangulated irregular network (TIN)

adding features 74

adding selected features to 74

automatically rendered in 3D 156

components of 49

creating 71

detined 201

deriving contours 119

described 48

displaying elevation 93

resolution 49

symbology 93
Triangulation

creating surface models 47
Turning bands on and off 100

U

Ungrouping entries
in reclassifying data 141
Unique values
drawing thematic rasters 97
raster data 93
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Units
converting for z-values 166
Universal Kriging 58

Universal Transverse Mercator (UTM) 166

Unknown values

symbolizing in a raster 102
Using 3D graphics in ArcScene 150
Using animated rotation 178

Using built-in z-values of a layer 157

Using contours in a scene 124
Using hillshading for display 132
Using hillshading in analysis 132

UTM (Universal Transverse Mercator) 166

V

Variable radius

in IDW interpolation

described 59

Variable search radius 57
Variogram

defined 201
Variography 54

defined 202
Vertical accuracy

converting raster to TIN 75
Vertical exaggeration 176

applied to all layers in scene 177

changing 177

defined 202

of'ascene 152
View a surface

to understand its shape 118
View rasters in 3D 164
Viewer

adding 171

close 172

closing 171

defined 202

hide 172

managing 172
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Viewer (continued)
restore 172
show 172
Viewer Manager 172
Viewer windows
multiple 170
Viewing a scene from different angles 170
Viewing thumbnails 85
Viewshed
defined 202
deriving 131
described 128
input feature types 131
Visibility
analyzing 128
Visualize
features in 3D 155
relationships 163
Volume 1
defined 202
VRML
exporting to 194

W

Weight
for Regularized spline
described 62
in tension spline 61
What is the Raster Resolution? 164, 173
Why map contours? 124
Why use a Z factor? 121

Z

Z factor
converting TIN to raster 76
defined 202
in calculating slope 121
in deriving contours 126
in hillshading 133

Z-unit conversion factor
of raster 163
of TIN 106
Z-units
Converting to X,y units 166
Z-units conversion
predefined 166
Z-value
converting units of 166
custom conversion 166
defined 202
defining for a layer 156
defining for features 156
defining for raster 156, 164
described 48
offsetting 167
setting from an attribute 157
stored in attributes 155
stored in geometry 155
using from feature geometry 157
Z-values of features
from surface 149
Z0oming
shortcut 84
Zooming to a target 84
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